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ABSTRACT
Techniques and approaches from the disciplines of pedology and geomorphology
have been integrated to investigate the distribution and properties of soils, the development
of landscapes, and to provide insights about previous climates and pedogenic processes in
two areas in SE-Tasmania. The study areas include a coalesced fan landscape on a farm near
Cambridge owned by the University of Tasmania, and a landscapeof predominantly valley
floor alluvial deposits in the Coal River Valley north of Richmond.
Stratigraphic investigations show the landscape of the University Farm to be a
pediment cut in predominantlyTertiary sedimentscovered by a veneer of Quaternary clastic
deposits, with isolated outliers of Jurassic dolerite and Triassic sandstone rising above it.
Stratigraphic units have been identified in the pedisediment based on differences in
composition (source and nature of the sediment) and age (relative position in the landscape,
degree of weathering and dissection). Sedimentological evidence suggests that these units
have been formed by processes of lateral planation and alluvial and debris flow deposition
ie., processes associated with both pediment and alluvial fan formation.
Soil properties are related to the characteristics of each stratigraphic unit. They are
attributable to both the composition and age of the unit. Sand infills have been identified in
some soils and investigated using quartz grain morphoscopy and granulometric analysis. The
infill phenomenon can be used as a time stratigraphic marker and provides insights about
previous climatic conditions. Ferricrete and silcrete deposits were shown to have formed
over discrete intervals of time due to precipitation from iron and silicon bearing groundwater
flowing from higher level Jurassic dolerite and Triassic sandstone across hydraulic
discontinuities in Tertiary sediments.
The Coal River Valley has been shown to have a complex distribution of Quaternary
sediments. These include alluvial deposits in a sequence of alluvial terraces (five
stratigraphic units identified), pedisediment deposited on a surface cut in Tertiary basalt and
Tertiary sediments (two stratigraphic units identified), and aeolian deposits (two units
described). Soil profile classes have been identified developed in the stratigraphic units.
Chronofunctions of properties of soils on alluvial stratigraphic units have been
established, the most useful of which are depth functions of %Total K (best for soils on
older units) and %Total P (best for soils on younger units). Soil morphological development
with age has been found to be generally consistent with findings of previous studies in
eastern Australia.
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CHAPTER 1
INTRODUCTION
Although closely related, the disciplines of pedology and geomorphology developed
along largely parallel lines without much integrationuntil the second half of the present
century (Gerrard, 1981). In general, geomorphologists were concerned mainly with
macro processes of landscape evolution on the geological time scale (King, 1953) while
shorter-term surficial processes relevant to soils studies were ignored. However, work
undertaken by Milne (1936) and more recently by Butler (1950, 1956, 1958, 1959,
1982), Ruhe (1956, 1959, 1964, 1969, 1975a), Ruhe and Walker (1968), Walker and
Ruhe (1968), Conacher and Dalrymple (1977) and Kirkby (1985) has served to draw the
two disciplines together and the term "pedogeomorphology" has been coined to
encompass what is essentially a new discipline in earth studies. The new discipline has
been well served in recent years with the publication of major texts,( Birkeland, 1984a;
Ruhe, 1975a; Gerrard, 1981; and Richards, Arnett and Ellis, 1985; Daniels and
Hammer, 1992) and in the research journals Geoderma, Catena and Earth Surface
Processes and Landforms, contributions from the new discipline comprise a significant
proportion of published papers.
Geomorphology and pedology are closely related disciplines. Jungerius (1985) has
discussed this relationship at some length and it is not the intention here to expand upon
his comments except to reiterate some of the more important points.
Although recognition and an increased awareness of the interaction of the two
disciplines has been formalized in the literature only relatively recently, field pedologists
and soil surveyors have always worked within some kind of geomorphic framework. In
mapping the soils in the Launceston basin in northern Tasmania, Nicolls (1960) wrote
"soils are closely related to geomorphic units, and that the maps of soils are in fact
also maps of these units" while Daniels et al (1971) commented that
"practically all work dealing with the distribution of soils on the Earth's surface
employs some geomorphic concepts".
Jungerius (1985) has listed the significance of geomorphology to pedology to include
a) the relationship between soil distribution and physiography
b) the dependence of soil profile genesis on topography
c) the parallel development of soils and landforms
and d) the influence of geomorphic processes on parent material.
Geomorphologists and geologists have used soils extensively in establishing
stratigraphic sequences and in correlating deposits (Morrison, 1967). The value of a soil
profile is largely as a time stratigraphic marker. Consider the importance of the
Sangamon soil in establishing glacial stratigraphy in North America (Birkeland, 1984a).
Some aspects of geomorphic research to which pedology contributes include
a) preparation of geomorphic maps
b) preparation of soil erosion maps
c) process studies
and d) palaeogeomorphological studies (past environments, the time factor,
previous landforms and geomorphic processes).
Birkeland (1984a) listed the use of soils to date deposits (correlation), to indicate
intervals in deposition and to reconstruct past climates as being of major value to
geomorphology.
It is clear that the two disciplines have a great deal in common and today's scientists
will increasingly blur the boundaries between the two as they use any techniques or
analytical methods appropriate to the problem at hand.
However, there are two points worth making relating to the integration of these
disciplines. Firstly, in an agewhere there is an ever increasing number of sophisticated
analytical techniques available to entice the researcher, none is a substitute for
comprehensive field work. Birkeland (1984a) andWalker (pers.comm.) have both
alluded to the importance of field work and "meaningful" sampling to the successful
interpretation of analytical results. Thebest analytical techniques are of no value if the
specimens are not carefully taken.
Daniels and Hammer (1992) have also raised this issue in relation to "geostatistics".
"Some workers espousinggeostatistical techniques apparently have little
knowledge of soil materials and processes; grid sampling and variagrams are
impressivewhenpresented, but frequently they tell us less than we can learn
from geologic maps and facies descriptions".
The second point is perhaps an obvious one but easily overlooked because the data
used for geomorphic and pedologic interpretations are often collected at the same place
and at the same time eg., the description of a section including the surficial soil material
and the underlying sediment. In these cases there is a danger of circular reasoning, that
is, using the soils to identify the geomorphic units and the geomorphic units to identify
the soils. The researcher must be aware of the pitfalls when attempting to unravel the
"soilscape".
A principle aim of this thesis is therefore to demonstrate an integration of pedologic
and geomorphic techniques in data collection firstly as a basis for understanding; and
secondly, as an aid in predicting, the distribution and properties of soils in the Coal
River Valley (including the University Farm adjacent to Pitt Water). A further aim is to
interpret the data for recognition of the relevant landscape-forming processes, previous
climatic regimes and salient pedological processes which operated in this area.
In the present work each geomorphic landscape unit has been identified using
landform, stratigraphic and sedimentological evidence. This evidence has been linked
with soil morphological and analytical data so that soil characteristics could be used in
turn as a means of correlating deposits, in extrapolating soil-landscape relationships and
interpreting past environmental conditions.
Two study areas were chosen comprising mainly Quaternary sediments on the
University Farm and in the lower Coal River Valley, investigated at an intensity of
observation consistent with 1:25 000 soils mapping (Reid, 1988).
CHAPTER 2
LITERATURE REVIEW
2.1. Previous Tasmanlan studies
2.1.1 Pedology
Some of the earliest soils studies undertaken in Australia were conducted in southern
Tasmania (Stephens, 1934). Stephens investigatedsalinityproblems in orchards and Taylor
and Stephens (1935) explored "the influence of soil on the growth and productivity of apple
trees" at Huonville. Stephens (1941) discussed the soils of Tasmania in general and
highlighted land use problems including soil erosion, plant nutrition, drainage, land use
conflicts (forestry and agriculture) and sound soil management. Many of the issues Stephens
raised in 1941 are still relevant and being hotly debated in the 1990's.
During the 1950's, the C.S.I.R.O Division of Soils was engaged in producing a
reconnaissance soils map of Tasmania at a scale of 1:63360. However, the work was
discontinued after about ten years. At that stage, map coverage was incomplete, including
only part of the agriculturally importantsoils (Recoimaissance Soil Map of Tasmania, Sheets
22, 28, 46, 47, 61, 68, 74, 75, 76, 82, 83; Div. rep's. Div. Soils CSIRO) . The University
Farm is included in the Hobart sheet, mapped by Loveday (1955b) and the Coal River
Valley is included in the Brighton sheet mapped by Dimmock (1957). Although these maps
were published at a scale of 1:63360, the intensity of observations and mapping units
delineated are more consistent with a much smaller scale of mapping. Soil mapping units
were based mainly on the major geological formations (eg. podzols and podzolic soils on
Triassic sandstone) though in some cases (eg. the podzolic, brown and black soils on
dolerite) the soils within each geological unit were further differentiated to about great soil
group level (Stace et al, 1968).
The soils of the University Farm are shown as "soils of alluvial deposits" except for a
small elevated feature known as Mt.Pleasant which is mapped as "brown soil on dolerite".
It was noted by Loveday (1955b) that the "alluvial soils" mapping unit included a wide
variety of soils on floodplains, terraces and alluvial fans.
Similarly, the Coal River alluvia are not differentiated and are mapped as "soils of
alluvial deposits". The surrounding hillslopes includeblack soils on dolerite and basalt and
podzols and podzolic soils on Triassic sandstone.
The extent of the outcrop of the Tertiary sediments was apparentlynot fiilly recognized.
This is perhaps due to the morphological similarity of the soils developed on weathered
Tertiary sediments and weathered Triassic sandstone on the one hand, and the
unconsolidated Quaternary alluvium on the other. However, some small areas of "lateritic"
soils were shown on the Hobart, Brighton and Sorell map sheets (Loveday, 1955a,b;
Dimmock, 1957). These are almostcertainly Tertiary sediments with associated ferricretes.
Themostsignificant soil study in southern Tasmania wasundertaken by Loveday (1957).
He expanded on the previous reconnaissance mapping to elucidate the genesis of the soils
developed on basalt and the geomorphic history of the Sorell-Carlton-Copping area and
investigated what he considered to be anomalously high fine sand and silt fractions in these
soil profiles. He used particle size analysis, mineralogy of the fine sand fraction and the
presence of sponge spicules to conclude that the
"evidence strongly suggests that much of the fine sand ...is of aeolianorigin and
may be likened to loess".
As will be discussed later, there has been very substantial aeolian deposition throughout
Tasmania but there are no loess deposits, the mean particle sizes are around 2.50 (180/i),
that is, fine sand. Miicher (1986) accepted a variation in the mean particle size of loess due
mainly to sediment sources but suggested that the characteristic size was 20-60/1. Davies
(1967) suggested that the loess-sized material which must have been mobilized alongwith
the coarser-grained sedimentshas beenlost out to seabecauseof the small size of Tasmania.
It may also be that the lithology of thepredominant rocks in the catchments which supplied
floodplain sediment, were not predisposed to forming silt sized material. Tiller (1963)
investigated the source of quartz in podzolic soils developed on dolerite but found no
evidence of aeolian accession and concluded that the sand was due to relative concentration
from the parent rock.
Nicolls (1960) documented the relationship between soils and geomorphology in the
Launceston basin and described a terrace system in which there were lateritic podzolic soils
on the oldest terrace, meadow podzolics and solods on a lower terrace and humic gleys on
the floodplains. This paper will be discussed in more detail in Section 2.1.2. Nicolls also
documented the variability in profile morphology across the island, of soils developed on
dolerite. Following on from this. Tiller (1963) used the relative homogeneity of the dolerite
as a parent rock to investigate the effects of climate on pedogenesis. There was a strong
relationship between the degree of weathering and mineralogy of the fine sand and clay
fractions. Depth functions of several trace elements indicated that the clay B2 horizons of
podzolic soils have formed by in situ weathering, and show the influence of seasonal
waterlogging and geomorphic processes such as sheet erosion and solifluction.
Subsequently, apart from Bowman's (1987)work where he investigated soil development
in beach ridge systems at Rheban Spit, there has been little pedological or soil-geomorphic
research undertaken in Tasmania, though soil characteristics have been used as a tool in
geomorphic studies, often for relative dating (Sigleo, 1979; Wasson, 1977a; Hammond,
1985; Colhoun, 1977a). However, given that there have been so few pedological studies
conducted, the conclusions drawn and correlations made in these studies must be considered
with caution.
It is clear from the papers written during the 1950's and early 1960's that the soil and
geomorphic interpretationswere influenced by the accepted chronologyof palaeoclimatic and
eustatic changes as then perceived. I wonder what are the implications of our current
misunderstandings?
2.1.2 Geomorphology
Geomorphic research in Tasmania has been orientated mainly towards the glacial and
periglacial deposits of the central highlands and west coast. The discovery of glacial
landforms and sediments in the late 19th century by workers such as Duim (1894) and
Moore (1894) kindled an interest that has persisted through the 20th century with work by
Lewis (1934), Gill (1956), Davies (1962), Derbyshire (1968),Peterson (1968), Caine (1968)
and more recent work by Fitzsimons (1988) and Colhoun (1985a) and Colhoun and
Fitzsimons (1990). Although glacial geomorphology is not directly relevant to areas studied
in this thesis, the use of stratigraphic, radiometric and palynological techniques has provided
a chronological framework within which to assess the geomorphic, vegetative and climatic
history of the non-glaciated areas of Tasmania. This firamework is essential to an
understanding of periods of soil development, landscape dissection and alluvial deposition.
The current understanding of the glacial history of Tasmania has been reviewed by
Colhoun (1985a), Kiernan (1989) and Colhoun and Fitzsimons (1990). The Last Glaciation
(the Margaret) commenced after 30 OOOy BP, reached its greatest extent (approx. 108knf
of cirques and glaciers) around 19 OOOy BP, and was concluded by 10 OOOy BP. The
preceding Henty glaciation is considered to have occurred > 130 OOOy BP and to have
covered over 1 OOOkm^ with ice. The Moore glaciation preceded the Henty and has been
dated as mid-Pleistocene, that is, less than 730ka. The oldest or Linda glaciation is either
7early Pleistocene or late Tertiary in age and its areal extent exceeded that of the Henty and
the Moore.
The glaciated areas in Tasmania were far larger than any recorded on the mainland of
Australia. Galloway (1963) estimated only SOkm^ of ice in the SnowyMountains. Thus the
glacial cycles could be expected to have had a greater effect on the soil-geomorphic history
of Tasmania than on southern mainland Australia.
Although the glacial history providesan importantframework withinwhich to work, most
of the evidence used to construct Tasmania's glacial record has been sedimentological. Kukla
(1977) has shown some of the potential problems of relying on this approach when he
suggested that there may have been 17 glacial cycles in Europe rather than the widely
documented four cycles based on sedimentological evidence.
In contrast to the glacial and periglacial research there has been little activity in those
aspects of geomorphology relevant to understanding the properties and distribution of soils
at lower altitudes. Davies (1959a) used contour information (some of limited accuracy) and
the accordance of summits to identify five major erosion surfaces across the island based
largely on concepts of Tertiary peneplanation. This "statistical" approach to recognizing
surfaces has proved to be of doubtful value (Palmquist, 1975; Hack, 1975) though Nicolls
(1960) did use it to describe the Woodstock surface.
Ken Nicolls was a soil surveyor, and in his 1960 paper he applies principles of
geomorphology and stratigraphy to explain the occurrence and properties of soils in the
Launceston basin. It was during this time in Australia that the value of geomorphology to
soil survey was becoming widely recognized. BruceButler's contributionto unravelling the
geomorphic history and establishing the stratigraphy of the Riverine Plain dramatically
increased the speed and efficiency of soil survey in that area (Beattie, pers.comm.).
Nicollsproposed a late Cainozoichistory for the Launcestonbasin involvinglateritization,
dissection, alluvial and aeolian deposition and pedogenesis. He identified two levels (one
elevatedapprox. 84m above the other) of the lateritizedWoodstock surface across substrates
of diverse lithology. The apparent inconsistencies and complexities of the laterite outcrops
may be due to the confusion that existed then (and now) over the forms and occurrences of
secondary iron deposits and their proposedassociationwith Tertiary peneplains (McFarlane,
1976; Stephens, 1971; Hunt et al, 1977; Milnes et al, 1985). For example, the geomorphic
significance of the difference between the pedogenic pisolitic and groundwater vermiform
ferricretes does not appear to have been recognized.
Nicolls recognized two terraces, the Brickendon (12-43m) and the Brumby (2-6m) above
the modernfloodplains (Canolasurface). He discussed the possiblemechanisms of formation
of the terraces including climatic change, variations in the resistance of dolerite to corrasion
and Tertiary faulting but found the evidence inconclusive. The Brickendon terraces are
differentiated from the Woodstock surface using relative height and the presence of siliceous
gravels in the former and are considered to be younger.
Nicolls discussed the possible chronology of the terrace systems and argued that if the
Woodstock surface is Tertiary in age and the Brumby terraces formed at the "close of
periglacial conditions in the mountain catchments" then the Brickendon terraces were most
likely lateritized during a Pleistocene interglacial given the long time frames involved.
He also describes an interesting aspect of the lithology of the Brickendon and Brumby
gravels where, despite the widespread occurrence of dolerite in the catchment, dolerite clasts
are absent from the gravel which is dominated by siliceous clasts. A study of the wash load
component in three small streams in south-east Tasmania by Olive (1973) showed that
erosion rates were greatest from sandstone and mudstone areas and least from dolerite
though it is not clear whether this finding could be extrapolated to the coarser bed load.
When Loveday (1957) investigated the geomorphology and pedology of the Sorell
District, he observed and briefly described benches (some with thin veneers of alluvium)
and terrace remnants. A 6m terrace, correlated to a "thermal maximum" 4-6 000 years ago,
carried soils with only "very slight texture differentiation" while soils on terraces estimated
at around 100 000 years BP had "some but not marked texture differentiation". Soils on
terraces at 18m were estimated at >100 000 years BP and had "distinct texture
differentiation". This contrasts with Nicolls's late Pleistocene meadow podzolics and solods
and early Pleistocene interglacial lateritic podzolics. Other benches were identified at levels
of 26m, 34m, 46m, and 49m (some with thin veneers of alluvium) and he thought these
were most probably due to climatic and/or eustatic change associated with glacial cycles,
rather than tectonic uplift.
Goede (1965, 1973) examined the alluvial geomorphology and stratigraphy of the
Buckland basin in south-east Tasmania. He recognized erosional terraces at 9-12m, 21-34m
and 52-73m although there were no fluvial deposits described to substantiate the
interpretations. Two alluvial units along Tea Tree Rivulet were described, an older Turvey
terrace and a younger Brockley floodplain. The Turvey alluvium was ascribed to a Last
Glacial episode because
a) the channel width, wavelength and amplitude of the meanders of a prior stream
indicated a much higher stream discharge and
b) depressions on the surface were thought to be of periglacial origin.
However, although Goede (pers.comm.) now considers deflation to be the most likely
explanation for the depressions, the generally underfit nature of streams draining the east
coast of the hinterland of Tasmania indicates a previously much higher stream discharge
most probably associated with snowmelt and lower evaporation during a glacial climate
(Davies, 1974; Colhoun, 1975). Goede (1973) suggested that the Brockley alluvium may
have been deposited as a result of a combination of factors including climatic change, human
interference and catastrophic events. He obtained C" dates ranging from 6200y±200 BP
(Gak-1146) to 3040y+90 BP (Gak-1677) fromtheseunits. There are no dates from the older
Turvey unit and unfortunately the soils data do not allow an adequate comparison with the
soils of the Coal River alluvia although the soils in the Brockley unit appear similar to ±ose
of the modern Coal River floodplain.
Goede was able to obtain some C" dates for alluvium in the lower Coal River Valley
(mainlydownstream from Richmond) during an exploratory study in the early 1970's. Dates
ranged from 1990y+100 BP (Gak-905) to 1730y± 110BP (Gak-1678) for charcoal in Coal
River floodplain alluvium, to 2240y±110 BP (Gak-2236) for soil carbonate from a low
terrace, to 4160y+160 BP (Gak-2237) and 5480y±130 BP (Gak-2238) for charcoal from
alluvium of Native Hut Rivulet and a meander core south of Richmond respectively.
Colhoun (1977d) described sand and gravel deposits in the Derwent Valley at +30m as
of probable pre-Last Interglacial age and terraces at +9-llm in the Jordan valley as
Pleistocene. Colhoun and Moon (1984) identified three periods of sedimentation in the
Derwent estuary includingan interglacial depositand early and late Holocenedeposits. The
late Holocene deposits were attributed to aboriginal burning.
Wasson (1975, 1977a, 1977b) investigated the sedimentary characteristics, catchment
processes and palaeoclimatic implications of alluvial fan deposition in the lower Derwent
Valley.He attributedfan buildingto "debris-flows andsediment-charged water flowsderived
from catchments which, at highest altitudes, were periglacial and nivational". He assigned
a Last Glacial age to the fans using criteria such as the freshness of the deposits, their
topographic form, the lack of overlyingdeposits, some radiocarbon dates, grading of the fan
surfaces to a base level below modern sea level and an assessment of the condition of the
catchments likely to supply sediment.
Aeolian deposits are widespread throughout Tasmania, particularly in the drier eastern
half of the island (Davies, 1967). Nicolls (1958a) discussed the origin of the dunes found
on the eastern sides of valleys and compared the evidence for their formation under glacial
or arid conditions. He concluded a glacial origin was most likely, arguing that the drought-
susceptible sandy interfluveswould have been unstable in an arid phase and that there was
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no evidence of large scaledeflation from these areas. However, this argument assumes that
thedryconditions would have reduced vegetative cover and produced surface instability and
there is no evidenceto support this. A Pleistoceneage for the dunes in the Launcestonbasin
was suggested because the dunes are overlain by floodplain deposits of probable
mid-Holocene age and a source for the sand was suggested as braided stream floodplain
deposits associated with spring meltwaters and dry summers.
Davies (1967) in distinguishing between valley dunes, lunettes and deflated Triassic
sandstones, argued for an arid originfor at least some of the deposits on the basis of their
distribution in the drier parts of the island and the similarity of the soils on the lunettes and
dunes, considering lunettes as almost certainly semiarid in origin. Davies (1974) noted that
the fossil dunes would most likely not all be of the same age.
A detailed investigationof the terrestrial dunes in the lower Derwent and Jordan valleys
was undertaken by Sigleo (1979) and Sigleo and Colhoun (1982). Sigleo (1979) identified
two major periods of aeolian activity in the Pleistocene. The first was placed after either a
penultimate glacial or a stadial during theLastGlacial which was thenfollowed by a period
of pedogenesis. The second occurred towards the end of the Last Glacial.
The evidence for the age of the first period comes from interfan deposits of sand at
Limekiln Point (a deposit also described by Wasson 1975, 1977a) and Redgum. There is
evidence of a palaeosol developed in the sand indicating a hiatus in fan deposition. The
overlying fan deposit is thought to be of late Last Glacial age (Wasson, 1977a; Sigleo,
1979). However, Colhoun (pers.comm.) has suggested that the interfan deposit at Limekiln
Point could be interglacial estuarine since it is similar to material he encounteredduring the
drilling of foundations for the Bowen Bridge farther down the estuary.
Theargument for theage ofthe second period of aeolian deposition isbased ona C" date
of 15 740y±700 BP for charcoal ftom a dune at Malcolm's Hut Road, near Richmond.
Although this date indicates a late glacial age for the second period of aeolian deposition,
there are no other dates to support it andgiven the possibilityof the charcoal being detrital,
it is perhaps worth treating this date with some caution until further dates become available
(eg. compare the ramifications of the date fromthe Lindamoraine near Queenstown (Banks
and Ahmad, 1959).
Sigleo and Colhoun (1982) argued that Holocene erosion and depositionof the primary
sandsheets were due to aboriginal and later European influences. They present the Holocene
stratigraphy of the sandsheets with several C'"* dates from aboriginal sites. These indicate
several periodsof aeolian instability during themidto lateHolocene withdates rangingfrom
5800y±130 BP (SUA-306) and 1960y+105 BP (SUA-308) at Old Beach, to 2055y±120
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BP (SUA-305) and 210y±80 BP (SUA-303) at Glenfield and 4540y±105BP (Gak-5593)
at Bridgewater.
The use of the degree of soil profile development and other soil properties to correlate
different deposits in this studymust be questioned. The morphological descriptions of the
palaeosols forming the basal units of the sandsheets are limited as are the physical and
chemical analyses. Assertions that, for example, the basal units at Bridgewater and Old
Beach are chemically similar and thusof the same age are difficult to sustain in light of the
data presented.
Aeolian deposits werealso described by Colhoun (1977a) at PipeClay Lagoon. Theyare
thought tohave been deposited bynorth-westerly winds, have well developed podzol profiles
and radiometric dates show they are younger than 22 000 years. In this paper, Colhoun
suggested that shallow podzol profiles (<0.5m) were mid to late Holocene, whereas deep
podzol profiles (of which the soil on Malcolm's Hut dune is an example) were late
Pleistocene.
When the Malcolm's Hut dune was investigated during the field work for this thesis,
unfortunately much of the dune had already been excavated. In the remaining material there
is only minimal evidence of podzolization including a weakly developed B2ir horizon of
yellow andbrownmottles and no evidence of a strongly developed spodic horizon. Bowman
(1987) found that soils on mid-Holocene beach ridges at Rheban Spit did not have strongly
developed colourB horizons in contrast to what might have been expected from mainland
soil development trends.
2.1.3 Palaeoclimate
The reconstruction of the climate during the Quaternary in Tasmania has relied mainly
upon geomorphic evidence such as the distribution and stratigraphy of glacial, periglacial,
slope, alluvial and aeolian deposits. Palynology is now being widely used because there are
many suitable organic deposits across the island.
The evidence to date indicates that Tasmania was subjected to at least four major glacials
during the Quaternary. The mean aimual temperature would havebeen 6.5°C lower than at
present during the Last Glaciation using estimates of the equilibrium line altitudes of the
former icemasses, lapse rates andassuming equivalent precipitation to the present (Colhoun,
1985a). Similar calculations for the Henty and Lindaglaciations suggest a 7°C depression
in temperature.
Galloway (1965) estimated a temperature depression of 5°C based on a IO°C isotherm
for the treeline and a 600m lower level of periglacial activity (as reported by Nicolls,
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1958b). However, Davies (1974) later revised the lower limit of periglacial activity to 450m
and Macphail (1975, 1979) pointed out that the treeline was also determined by
precipitation. Wasson (1977a) generally agreedwith Davies' estimate of the lower limit of
periglacial deposits but found grbze litdes deposits between 600-140m ASL. At that time,
Wasson suggested that this indicated at least that nivational conditions occurred at lower
altitudes depending upon topography and rock type. However, he later questioned the
relationship between stratified slope deposits and nivational processes (Wasson, 1979b).
Chick and Colhoun (1972) and CoUioun (1975) suggested that periglacial conditions may
have extended to near existing sea level using evidence such as slope deposits of possible
periglacial origin and soil structural features possibly caused by soil freezing.
Using uranium-thorium dating and oxygen isotope ratios in a Tasmanian speleothem,
Goede et al (1986) estimated mean annual temperatures to have been 3.5-5.5°C lower than
at present during the period between 100 OOOy and 97 OOOy BP.
The climate during the Last Glacial was drier than at present and there was a marked
decrease in precipitation across the island fromwestto east (Galloway, 1965;Davies, 1967;
Bowler et al, 1976; Macphail, 1975, 1979).
Evidence for interglacials comes largely from terraces and stranded beach ridge systems
(discussed in Section 2.1.5) and from palynological data.
More is known about the climate during the Holocene which was a period of climatic
amelioration. Macphail (1979) suggested that a warmer and wetter climate occurred in the
early to midHolocene (8-5 OOOy) BP whencompared to the present with a change to cooler
conditions in the late Holocene. Goede and Hitchman (1984) used speleothem data to argue
for higher temperatures during the early Holocene and cooling by up to 3°C in the late
Holocene. Caine (1968) suggested that cooler, wetter conditions occurred after 3 OOOy BP.
Davies (1974) argued for a drier phase in the mid-Holocene, citing aeolian deposition,
fluvial deposits in the BarillaValleyand sedimentation inTea Tree Rivulet. However, Sigleo
and Colhoun (1982) considered that much of the instability during that time was due to
aboriginal burning.
2.1.4 Palaeovegetation
There is little information relating to vegetation changes in south-east Tasmania, mainly
because there are few organic deposits suitable for palynological analysis in this part of the
island. Macphail (1975, 1979)suggested that lowland vegetationin easternTasmaniaduring
the late Pleistocene was likely to have been sparse grasslands, perhaps a chenopod steppe,
and largely devoid of trees. He estimated the treeline at 200-300m (1975) to 400m (1979)
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with Eucalyptus and Casuarina forests surviving on the continental shelf. Colhoun (1975)
suggested that the vegetative communities in the southeast during the Last Glacial may have
been alpine herbfield as low as 100-200m elevation with sparse stands of eucalypt forest on
the lower ground.
Pollen evidence from Pipe Clay Lagoon (Colhoun, 1977a) indicated a change from
Eucalyptus forest to Eucalyptus savannah around25-20OOOy BP but he was uncertain of the
regional significance of this transition. Other pollen evidence from Remarkable Cave on the
Tasman Peninsula (Colhoun, 1977b) is also of doubtful regional value.
A brief examination of pollen in mid-Holocene alluvial deposits in the Tea Tree Rivulet
indicated similar vegetative communities to the present (Goede, 1973).
Macphail (1979) described two Holocene phases. The first, during the early to mid
Holocene, saw an expansion of closedNothofagusforests during a climatic optimum 8-5000y
BP which was followed by an increase in Eucalyptus and shade-tolerant species. Sigleo
(1979) and Sigleo and Colhoun (1981, 1982) analysedpollen cores from the midlands which
they interpreted as of late Pleistoceneto Holoceneageand to indicate that eucalyptsavannah
was preceded by grassland (steppe) and grassy woodland.
2.1.5 Eustatic Change
There appears to be a substantial body of evidenceto support a Last Interglacial sea-level
in Tasmania of +20-22m above present sea level. Jennings (1959, 1961) has interpreted
bedrock surfaces and boulder and fossiliferous beach deposits on King Island at -l-69m,
-l-37-46m, and less than 20m as evidence for Pleistocene sea levels. Kershaw and Sutherland
(1972) have interpreted similar evidence on Flinders Island as prior sea levels at -l-61-77m,
-l-30-37m and less than 20m. Banks et al (1977) have interpreted deposits at -t-22m at
Strahan as marine interglacial while Chick (1971) has observed marine deposits to around
+20m at Ulverstone. Colhoun et al (1982) described marine sands at -l-21m at Mary Ann
Bay and Colhoun and Goede (pers.comm.) and Colhoun (1975) found marine shells at
approx. -l-20mat South Arm. Van de Geer et al (1979) suggested that all the pre-Holocene
deposits were of Last Interglacial age on the basis of relative degree of soil profile
development, stratigraphic relationships with glacial outwash and aeolian deposits, and some
radiometric dates.
Bowden and Colhoun (1984) examined shoreline deposits along the "sensitive" coastline
of north-east Tasmania. They concluded that during the Last Interglacial the sea level was
at or below +21-22m for a considerable period of time with a brief transgression to +32m.
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They found other marine deposits at +71m, 49m and 32m and thought they may reflect
earlier interglacials, possibly correlated with the Shakleton and Opdyke (1973) stages.
These estimates of Last Interglacial sea levels in Tasmania are much higher than
corresponding estimates on the mainland (Gill, 1976; Thom et al, 1981). Van de Geer
(1979) suggested that the differences reflected tectonic instability or perhaps hydro-isostatic
responses.However, Bowden and Colhoun(1984) argued for tectonic uplift and calculated
a possible rate of uplift for Tasmania and the Bass Strait islands of +0.22m/Ka.
Davies (1974) accepted an estimate of -125m for the reduction in sea level at the height
of the Last Glacial. Hopley and Thom (1983) accepted Chappel's (1974) estimate of
-130-135m as a reasonable one. Although the deposits associated with the glacial shorelines
are now buried, their significance lies in the grading of the streams to that lower level and
the subsequent drowning of floodplains, terrace systems and estuaries (Colhoun and Moon,
1984).
There was a rapid rise of sea level at the end of the Last Glacial and current level was
achieved about 6000y BP (Colhoun, 1983). ThoughDavies (1959b, 1961), Jennings (1959)
and Kershaw and Sutherland (1972) have suggested a mid-Holocene higher sea level of
-l-0.6-0.9m and 3-4m, Bowden and Colhoun (1984) argued that, given the apparent uplift,
absence of data relating to emergent deposits within Im of HWM and the few radiometric
dates meant that a mid-Holocene rise in sea level could neither be accepted nor rejected.
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CHAPTERS
LOCATION and DESCRIPTION of the STUDY AREA
3.1 Location
Pedological and geomorphic investigations were undertaken in two areas in south-east
Tasmania;
a) a farm owned and managed by the University of Tasmania and
b) part of the Coal River Valley.
The University Farm comprises an area of 342 ha on the edge of Pitt Water,
approximately 12kmN-Eof Hobart. The farm lies 42°48 'south and 147°26 'east. Richmond,
a small township in the south of the Coal Valley, is approximately 8km north of the farm.
The Coal River study area includesthe alluvial and other Quaternary sedimentary deposits
in the Coal River Valley from Richmond in the south (42°44'south, 147°26'east),
approximately 16km up the valley to the property 'Stockdale' in the north (42°35 'south,
147°25'east). An area of 2695 ha was investigated in detail.
The location of the University Farm is shown in Figure 1 and the layout of paddocks on
the farm is shown in Fig.2. The location of the Coal River study area is shown on the soil
map (Appendix 1).
3.2 Climate
The climate of the Coal River Valley is classified as 'dry subhumid warm' using
Thomthwaites method (Gentilli, 1972). Climatic data are recorded at Hobart airport (approx.
8km to the south) and Hobart, and additional though discontinued rainfall records are
available for Richmond, Campania and Colebrook.
3.2.1 Temperature
The mean daily maximum and minimum temperatures for Hobart and Hobart airport
(Bureau of Meteorology) are shown in Fig.3. The mean annual temperature of Hobart is
12.4°C.
The numbers of frost days per month for Hobart and Hobart airport are given in Table
1.
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Table 1. Mean numbers of frost days per month for Hobart and Hobart airport.
J F M A M J J A S 0 N D
Hobart - - - - 2 5 7 6 3 1 - -
Hobart airport - - - 1 4 8 10 8 4 2 - -
Since frost occurrence depends on local factors such as topography and air drainage, a
slightly higherincidence of frostcould be expected in theCoal RiverValley whencompared
to the Hobart airport.
3.2.2 Evaporation
The evaporation figures for Oatlands (approx. 50 km north of Richmond) presented in
Table 2 are considered comparable to those for the Coal River Valley.
Table 2. Mean daily pan evaporation (mm) for each month at Oatlands
J F M A M J J A S 0 N D
Oatlands 6.0 5.3 3.3 2.1 1.4 0.7 1.0 1.3 2.5 3.3 4.5 5.1
Rainfall exceeds evaporationfromMay to August (Fig.4) and together with the slow rates
of plant growth and low evapotranspiration, the soil is saturated (in the A horizon at least)
during much of this period. However, it quickly dries with the higher September-October
temperatures and higher rates of evapotranspiration.
3.2.3 Rainfall
The mean annual rainfall total for Hobart is 629mm, for Hobart airport 496mm, for
Richmond 518mm, for Campania561mm and for Colebrook 633mm. The 1, 5 and 9 rainfall
deciles for Richmond are shown in Fig.5. (Rainfall decile 9 is the rainfall expected to be
equalled or exceeded once in ten years, decile 5 - five times in ten years and decile 1- nine
times in ten years.)
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The rainfall is distributed relatively evenly throughout the year. While there are no data
relating to rainfall intensities in the area, they are generally low. The mean number of
raindays per month for Richmond is shown in Table 3.
Table 3. Mean number of raindays per month for Richmond.
J F M A M J J A S 0 N D
Richmond 6 6 6 8 9 9 9 10 10 10 9 8
3.2.4 Wind
The closest weather station with wind records is at Hobart airport. These data show that
the predominant winds are from the north-west and the south-east: 67% of 9.00am
observations are in the NW quadrant and 42% of 3.00pm observations are in the SE
quadrant (unpublished data, Tas. Dept. of Primary Industry and Fisheries).
The most significant winds for aeolian processes are those from the NW (Sigleo, 1979;
Sigleo and Colhoun, 1982). They reflect the weather patterns as they cross the island from
west to east and include the hot, dry northerly winds that originate on mainland Australia.
These winds are funnelled NW-SE down the valley and blow for long periods of time, as
reflected in the 9.00am observations.
In contrast, the SE winds are best described as "sea breezes" because they tend to blow
for only relatively short periods of 3-4 hours during the afternoon.
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3.3 Vegetation
The Coal River Valley is one of the oldest agricultural areas in Australia and supplied a
major portion of the wheat requirements of the colony in the early 19th century. Thus, most
of the vegetation has long been cleared, particularly that on the gentler sloping agricultural
land. The vegetative communities that remain have been modified by burning, grazing and
selective logging with the best-preserved communities on the ridge tops, steeper slopes and
unsuitable agricultural soils.
No major vegetative studies have been undertaken in the study area but the cleared areas
are likely to have been broadly classified as woodland or open woodland (using the
classification of Walker and Hopkins, 1984) with Eucalyptus amygdalina and E.viminalis
as the major tree species (Jackson, 1965).
The communities left relatively intact show a strong relationship between parent material
(and hence soils) and species and structure. Hogg and Kirkpatrick (1974) recognized this
relationship in the Risdon Vale area (approx. 6km west of the UniversityFarm). They found
sharp vegetation boundaries coincident with geological boundaries separating dolerite,
Permian mudstones and Triassic sandstones. This is not surprising given the major soil
differences between soils (and hence edaphic conditions) occurring above these very diverse
rock formations.
Existing vegetation is not an important factor in this thesis but palaeo-vegetative
communities must have been significant in as much as they contributed to the
stability/instabilityof the landscape and thus to have played an important role in erosional
and depositional cycles.
3.4 Geological formations
General descriptions of the structure and lithology of geological formations in the lower
Coal River Valley are given in Nye (1922, 1924), Gatehouse (1967) and Leaman (1971,
1972, 1976, 1977).
The oldest rocks in this area are the Permian mudstones and siltstones which form part
of the Parmeener Super-Group of sediments. The most common group outcropping is the
Ferntree Mudstone composed mainly of siliceous siltstones and there are smaller occurrences
of the fossiliferous Cascades Group and Malbina Formation. The Permian sediments in this
area are characterized by their pale colours and the occurrence of dropgrains (sand grains)
and dropstones (usually less than 10cmdiameter) of quartzitesandmetamorphosed volcanics
in the fine textured continental shelf deposits from glacial ice rafts.
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Triassic sediments (also part of the Parmeener Super-Group) outcrop over large areas In
the valley. Leaman (1977) has divided these sediments Into a lower association of quartz
sandstone, mudstone and shale and an upper association of llthlc-feldspathlc sandstone,
mudstone and some coal.
The Permian and Triassic sediments have heen extensively Intruded by tholelltlc Jurassic
dolerlte as sheets and dykes. Grain size Is variable ranging from fme-gralned material,
difficult to distinguish from the local tholelltlc basalts, to granophyres. Dolerlte forms a
resistant capping to many of the hills.
Major Jurassic faults miming N-NW In the lower Coal River Valley and rejuvenated In
the earlyTertiary, formed asymmetrical, steep-sided grabens Inwhichthe Tertiary sediments
of poorly consolidated sands, sandy clays and clays over 200m thick were deposited. The
presence of fossils of freshwater shells, woodand leaves suggested to Nye (1924) that these
deposits were lower Tertiary lacustrine sediments and he correlated them with the Tertiary
sediments In the Launceston and Derwent basins. Gatehouse (1967) found anglosperm leaf
Impressions and suggested the clays were derived from weathered dolerlte. Harris (1968)
sampled several sites for pollen analysis but found all were barren except for one sample
from Native Hut Rivulet which had brackish water dlnoflagellates and Indicated a
mld-Tertlary age. Leaman (1971, 1976) suggested the sediments were deposited In a series
of Intercoimected lakes.
Nye (1922) described two types of Tertiary basalt extmded Into the Coal River Valley
which mostly overlie but are also Interbedded with the sediments. Sutherland, In Leaman
(1977), Indicated that the tholelltlc lavas comprised the bulk of the extmslons. The lavas
contain opaline silica, chalcedonyand zeolltlcamygdules (Gatehouse, 1967). Sutherlandand
Wellman (1986) suggested these were late Oligocene or early Miocene In age. A K-Ar date
on a younger alkali basalt from near Campania has been measured at 24.2+1 Ma.
The Quaternary deposits In this area Include scree and slope deposits, alluvial fans,
alluvium, estuarlne and aeollan deposits but they have not been further differentiated.
Leaman (1971) has not mapped many of the Quaternary deposits In the valley, having
emphasizedthe hard rock formationsunderlyingthem at shallowdepths. Colhoun InLeaman
(1977), has given a more comprehensive account of the Quaternary but dealt mainly with
the Derwent and Jordan valleys.
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Figure 1: Location of the University Farm and the Coal River Valley.
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CHAPTER 4
STRATIGRAPHY and LANDFORMS of the UNIVERSITY FARM
4.1 Review: Stratigraphic principles and terms
A soil stratigraphic unit should be differentiated from a geological stratigraphic unit
and a pedological unit as normally defined in soil surveys.
A geological definition of a stratigraphic unit is given in Hedberg (1976) as a
"stratum or assemblage of adjacent strata recognized as a unit (distinct entity) in the
classification of the earth's rock sequence, with respect to any of the characters, properties,
or attributes that rocks possess".
In contrast, soil stratigraphy is concerned with chronological ordering of pedological
episodes (Finkl, 1980). Soils reflect discrete intervals of time of surface stability and an
accelerated rate of chemical weathering (Morrison, 1967). Birkeland (1984a) stressed that
"a prime requisite of a soil-stratigraphic unit is its stratigraphic relationship to
associated deposits".
The chronological and stratigraphic relationships of soil stratigraphic units
distinguish them from less precise terms such as relict soil, buried soil, exhumed soil, fossil
soil or palaeosol and from the pedological units of soil surveys defined on morphological
and chemical grounds (Morrison, 1967; Finkl, 1980). There may be several soil
classification units (eg. great soil groups or series) which occur as facies (lateral variation)
of a single soil stratigraphic unit (Morrison, 1967; Birkeland, 1984a; Gerrard, 1981).
Brewer et al (1970) discussed the suitability of several definitions of soil
stratigraphic units including the "geosol" of Morrison (1967), the "pedolith" of Crook and
Coventry (1967), the "groundsurface" of Butler (1959) and the "pedo-morpholith" of van
Dijk et al (1968).They concluded that a new term was required and proposed the term
"pedoderm", defined as a
"mappable unit mantle of soil, entire or partially truncated, at the earth's
surface or partially or wholly buried which has physical characteristics and
stratigraphic relations that permit its consistent recognition and mapping".
Butler (1982) proposed a revised definition of the pedoderm but this was rejected
by Walker et al (1984) and Beckmann (1984).
The concept of the pedoderm was accepted by Finkl (1980) who comprehensively
reviewed soil stratigraphy. He has listed the principles of soil stratigraphy to include
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(a) the law of superposition
(b) separate identity
(c) lateral continuity
(d) ascendancy and descendancy
and (e) pedogenic persistence
Since the chronological relationship of soil stratigraphic units is critical to their
identification, it is necessary to be able to date the soil itself or at least the parent material
in which the soil has formed. Absolute dating is most desirable but highly problematic in
Australiawheremanyof the landscapes wereformed during periodsoutsidethe rangeof C"
dating. Finkl (1980) commented that
"the frequent lack of dateable materials within soil mantles is lamentable".
Given these constraints, relative dating methods have been used in Australia, often
based on stratigraphy.
(In this study there was no suitable material for C" dating in any but the Holocene
deposits. In future, the use of thermoluminescence dating, in the sand dunes in particular,
may prove invaluable in establishing chronological relationships.)
Soil stratigraphic units have been used extensively as palaeoclimatic indicators. Finkl
(1980) suggested that this was one of their major functions. In glaciated environments,
weathering episodes are considered to have occurred during the moister and warmer
interglacials rather than the colder and drier glacials (Morrison, 1967; Birkeland, 1984a).
Ruhe (1975a) took this concept further and used the principle of uniformitarianism to
differentiate weathering episodes on the degree of pedogenesis. Soil stratigraphic units,
identified using pedogenic criteria within the classical four glacial cycles of North America,
have been used extensively to correlate soils and sediments. Again, this practice must be
considered carefully given Kukla's (1977) proposed glacial history of Europe. Gerrard
(1981) was wary of such soil correlations, especially over long distances, but enthused on
the use of soil stratigraphic units as palaeoclimatic indicators. He emphasized the
significance of establishing pedogenic processes (rather than pedologic properties) and
palaeocatenas. His recommended approach is closely aligned with the principles of Butler's
groundsurface.
Beckmarm (1984) was wary of using soils as palaeoclimatic indicators because a
particular soil may occur across a range of climatic regions and soils may be the result of
a complex interaction of several factors.
In the non-glaciated environments of Australia and eastern Tasmania, the
groundsurface and K cycle concepts of Butler (1959) provide a useful approach to soil and
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landscape development. The K cycle includes cycles of landscape stability (Ks) during which
pedogenesis occurs and periods of landscape instability (Ku) during which there is erosion
and deposition. These cycles may be initiated by climatic change or more recently by
anthropogenic causes.
However, Coventry (1973) has advocated care in making regional climatic
interpretations given the importance of local events. For example, Wasson (1977a) correlated
alluvial fan deposition with low-rainfall glacial environments in the Derwent Valley while
Wasson and Galloway (1986) correlated Holocene erosion and deposition with high rainfall,
and alluvial fan entrenchment and reduced deposition with lower rainfall in western New
South Wales. In the same paper they acknowledged that this was at odds with the apparent
relationship since European settlement. These examples underline the importance of
understanding the processes at work in explaining the geomorphic history rather than
accepting general principles which link landform and climate.
The identification and mapping of a pedoderm must be a desirable aim ofpedologists
since use of the term demands an advanced understanding of the properties and stratigraphic
relationships of a mantle of soil. In the following sections stratigraphic units are identified
using composition, texture, structure, degree of weathering and position. Geomorphic
processes have been interpreted (for the Quaternary deposits) and properties of the soils
developed in each unit described.
4.2 Geological formations
The University Farm is located on dissected lower slopes below dolerite hills in the
west which rise to 250-400m, and above a marine inlet, Pitt Water, 2-3km to the east. The
upper slopes range from 20-40%, the mid slopes 6-12% and the lower slopes from 1-2%.
The drainage lines run NE into Pitt Water.
There are no Permian outcrops on or adjacent to the University Farm. Permian
sediments outcrop in the catchment of Belbin Creek to the north and in the catchment of
Cross Rivulet to the south of the farm. Inspection of the Pigeon Hole Rivulet catchment to
the west revealed no Permian outcrop. However, Permian clasts are a major component of
many of the alluvial and debris-flow deposits on the farm. These clasts include pale-coloured
siltstones and mudstones which are characterized by their colour and the presence of
dropgrains. There are also siliceous clasts of quartzite (dropstones which have weathered out
of the Permian sediment). Fossiliferous clasts were not common despite the presence of the
highly fossiliferous Malbina formation in the catchment of Belbin Rivulet.
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Triassic sediments outcrop as a knoll in the Radar Road paddock (Figure 2) at an
elevation of 40m, as a collar on the lower western flank of Mt.Pleasant and in the catchment
of Pigeon Hole Rivulet to the west. An outcrop immediately east of the office building in
the Yard paddock is indicated by the presence of many Triassic cobbles on the soil surface.
Triassic sediments are relatively soft and do not transport far before they are broken. Swift
(1986) described a specimen as massive, quartz feldspar muscovite sandstone.
Jurassic dolerite intrusions form the hills to the west of the farm to a height of 280m
(Clemens Hill) and also outcrop as Mt.Pleasant to 50+m in the south-east of the farm.
Dolerite clasts are an important component of the clastic deposits on the farm and there is
some doleritic colluvial material on the east-facing western slopes below the Cambridge-
Richmond Road.
There is no Tertiary basalt in this area, the closest mapped basaltic centres being
several kilometres to the south and north. There are, however, extensive outcrops of
unconsolidated Tertiary sediments. Swift (1986) used magnetic and seismic techniques to
establish the structure of the formations in the southern section of the farm between Mt.
Pleasant and the Richmond Road. He found that a dolerite sill dipping to the west from Mt.
Pleasant was overlain by 120-300m of Tertiary and perhaps Triassic sediments. The Tertiary
sediments were deposited in an asymmetrical steep-sided half-graben, deepest on the western
edge. Measurements over the northern part of the farm (ie. north of Pigeon Hole Rivulet)
revealed no magnetic anomalies. The Tertiary sediments within the farm area include a wide
range of materials from sandy loams to heavy clays but all have characteristic pale and often
gley colours. These deposits are typical of other Tertiary sediments deposited in the major
grabens in Tasmania.
Apart from the Triassic outcrop in the Radar Road paddock, the northern part of the
farm is comprised of either Tertiary sediments outcropping directly or overlain by a veneer
of Quaternary deposits l-3m thick. Traverses described later show these relationships in
more detail. A borelog (DH13) reported by Leaman (1971) just north of the farm intersected
143m of Tertiary clays, sandy clays and sands overlying sandstone (Triassic).
Leaman did not map the Quaternary deposits on the farm and overestimated the area
of Triassic sediments in the west where the Tertiary sediments are faulted directly against
the dolerite. Nye (1924) interpreted the gravels on the western shore of Pitt Water as upper
Tertiary.
In this thesis the emphasis is on the previously undifferentiated Quaternary deposits.
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4.3 Description of selected traverses on the University Farm
The stratigraphy of materials on part of the University Farm was determined using
a Proline drilling rig to core along selected traverses. A limitation of the hydraulically
controlled Proline used was the difficulty of penetrating gravel layers, even with a rock bit.
Only relatively small amounts of gravel made collection of undisturbed cores impossible.
Thus the bore logs record only gravel where the rock bit had to used and much valuable
information was lost. An attempt to differentiate some of the units was made by recording
the lithology of clasts. At several sites many attempts had to be made to penetrate gravel
where it was observed that the greatest concentration often occurred just above the
stratigraphic discontinuity. The strategy was to drill until encountering reference material,
usually either Triassic or Tertiary sediment.
The undisturbed cores (95cm long x 10cm diameter) were stored in metre lengths
of PVC pipe which had been cut longitudinally and then taped so that the material remained
moist and easy to handle. These cores were then described in detail and subsampled in the
laboratory.
Traverses were selected following reconnaissance of the area taking into account the
soils mapped by Seattle (pers.comm). At this stage, it was decided to concentrate on the
northern part of the farm where there were long planar slopes and obvious stratigraphic
reference points such as Triassic outcrop.
The traverses are shown in plan in Fig.6.
The elevation of each site was determined using level and staff traversing from a
network of accurately measured trig stations that had been established by the Department of
Surveying, University of Tasmania (Davis pers.comm.). A contour map with 2m intervals
was also available.
4.3.1 Near Dam traverse
The Near Dam traverse shown in section in Fig.7, includes sites UF15, UF49, UF16
and UF36 which run NE then NNE from the Richmond Road. The hillslope from the
Jurassic dolerite/Tertiary sediment contact in the west to the break in slope between UF15
and UF49 is concave, ranging from values in excess of 20% near the contact to 6-8% at
UF15. East of the break in slope, UF49, UF16 and UF36 occur on a slightly convex 3%
"nose" slope.
A magnetometer traverse was continued to the west from UF15 towards Clemens
Hill and the dolerite capping. This showed a large magnetic anomaly at an elevation of
approx.70m which was interpreted as the boundary between the Jurassic dolerite to the west
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and the Tertiary sediments to the east. This was some 15m upslope of surface soil derived
from dolerite due to the downslope movement of doleritic material. A check site downslope
from the anomaly revealed Tertiary sediments. This is consistent with the findings of Swift
(1986) who postulated a NNW-SSE striking fault approx.lkm SSE of this traverse with
Tertiary sediments exposed to the east.
UF15 was cored and sampled to 2.1m in predominantly sandy clay Tertiary
sediments. (Detailed descriptions of sampled sites are given in Appendix 2). Impenetrable
calcrete was encountered at 2.1m. Calcrete and ferricrete are common secondary deposits
in the Tertiary sediments both on the University Farm and in the Coal River Valley.
UF49 was drilled to the east of the break in slope from UF15 through the Near Dam
unit but gravel prevented drilling past 1.6m.
The Near Dam unit consists of an upper facies 0.8-1.3m thick of brown (7.5YR 4/3)
to dull yellowish brown (lOYR 5/4) sandy clay with dolerite clasts (to 3cm diameter),
together with clasts of Triassic sediments, ferricrete and some angular quartz. The lower
facies (penetrated using the rock bit) consists mainly of dolerite clasts with some clasts of
Triassic sediments and ferricretes to depths from the surface of 1.5-1.6m.
UF16 was cored and sampled to 5.5m. The upper 1.5m of the section is Near Dam
unit which overlies Wattle unit to 5.5m.
Wattle unit is composed of weakly consolidated clasts of decomposed Triassic
sandstone and mudstone, some ferricrete and a few decomposed dolerite clasts (to 6cm
diameter). The colours are grey-mottled, yellowish browns (2.5Y 6/6) and field textures
range from medium clays, sandy clays to sandy loams. At this site impenetrable calcrete
prevented boring past 5.5m. White sandy material on the auger flights suggested the calcrete
was deposited in Tertiary sediments and experience at several sites was that the lithologic
discontinuity was often a zone of CaCOj accumulation.
UF36 is located NE of UF16 on the convexity of the slope and encountered 50cm
of Near Dam unit overlying Tertiary grey clay. Calcrete was again deposited at the
discontinuity.
4.3.2 Hanslow traverse
The Hanslow traverse (Fig.8) includes sites UF7, UF8, UF9, UFIO, UFll and UF2
which run NE from the crest of the Triassic knoll in Radar Road paddock across Hanslow
paddock to an incision extending headwards from Pitt Water. Sites sampled include UF7,
UFIO, UFll and UF2 of which detailed descriptions are given in Appendix 2.
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UF7 is on the crest of the knoll and sites UF8 and UF9 are on the 7.5% hillslope
below UF7. These sites are occupied by soils developed in situ above Triassic sandstone
(and some mudstone) bedrock. Solum depths increase downslope from 65cm to 86cm to
95cm respectively.
UFIO is located on the 3% concave footslope below UF9. The site was cored to
5.7m until Triassic sandstone was encountered which prevented further drilling. Above the
sandstone is the Radar Road unit comprised of 4.5m of weakly consolidated, strongly
weathered, rounded coarse gravel composed entirely of decomposed Triassic sandstone and
mudstone clasts. This is morphologically very similar to the Wattle unit except for the
absence of dolerite clasts. The colours are 'greys' (greyish olive, 5Y6/2) and 'yellows'
(bright yellowishbrown, 2.5Y7/6) and field textures range from silty medium clay to sandy
clay. The upper metre of the section in which the solum has developed is sandy clay.
UFll is located on the slightly concave constructional surface of the Hanslow unit.
The upper western part of the surface of the Hanslow unit (ie., west of the Cambridge-
Richmond Road) is inclined at about 3.5% but the middle part (where UFll is located) is
uniform, planar with a 2% slope. The eastern, distal part of the surface decreases in slope
to about 1.5%. This section consists of 1.5m ofHanslow unit (described in detail in Section
4.4.1) which is underlain by Tertiary sediments: clay to 6.3m and sandy clay loam to 7.2m.
A lOcm-thick layer of secondary iron and manganese occurs at the discontinuity between the
clay and sandy clay loam. The Tertiary clays are predominantly greyish olive (7.5Y 4/2 to
7.5Y 7/2) with few, fine, distinct, yellow and pale grey mottles. The field textures are
medium to medium heavy clays. Several thin lenses of fme sand (l-3mm thick) occur below
200cm depth.
UF2 is located on the side slope of the incision exposing Tertiary clay sediment
below UFll. The alkaline grey clay of the modern soil is morphologically similar to that
below the discontinuity in UFll. Clasts on the sloping surface (10%) are from the Hanslow
unit which has been intersected upslope.
4.3.3 Radar traverse
The Radar traverse (Fig.9) includes sites UF24, UF25, UF26, UF27, UF28, UF29,
and UF30. The traverse runs N-S then NE-SW and crosses the interfluve at right angles to
intercept the distal end of the Hanslow unit. The interfluve runs in a NW-SE direction and
is cliffed against Pitt Water at its eastern end. The surface is irregular and incised.
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None of the sites on this transect was sampled though UF14 is just east of the
traverse and representative of UF26 and UF27. UFl is located in an aeolian deposit east of
the transect.
UF24, UF25, UF28 and UF30 are duplex profiles formed on Tertiary sediments
exposed by incision. The underlying Tertiary sediments are mainly 'yellow' (2.5Y6/6, 4/6)
and 'grey' (2.5Y7/1) sandy clays and sandy clay loams. UF26 and UF27 intersect the Radar
unit to 3.0m and 3.5m resting unconformably on Tertiary sediments (sandy clays and sandy
clay loams). The boundary between the Radar unit and the Tertiary sediments is sharp and
irregular as shown in an exposure on the edge of Pitt Water (Plate 1). A section through the
Radar section is described in detail in Section 4.4.2.
UF29 intersects Hanslow unit to 80cm resting unconformably on Tertiary 'grey'
sandy clay loam.
•t
Plate 1. Discontinuity between Tertiary sediments and overlying Radar unit
sediments exposed on the edge of Pitt Water.
33
4.3.4 Roberts traverse
The Roberts traverse (Fig. 10) includes sites UF41, UF20, UF43, UF42, UF47,
UF45, UF46, and UF17 which run NW-SE across an interfluve and intersect the Hanslow
unit to the NW. The interfluve is topographically similar to that of the Radar traverse but
runs in a SW-NE direction towards Pitt Water. The aim in orientating this traverse was to
establish the relationship between the overlying clastic deposits on the interfluve, the
underlying Tertiary sediments and the Hanslow unit which was known to occur at a lower
elevation. UF20 was sampled.
UF20 intersected 1.4m of Roberts unit overlying 'grey' Tertiary clay. The Roberts
unit was described in detail only to 65cm depth because gravel prevented sampling
undisturbed material below. The clastic deposits are composed of rounded dolerite, Permian
and siliceous clasts. Clasts of Triassic sandstone were observed on the surface.
UF41 and UF43 intersect soils developed on Tertiary sediments on the incised slopes
below the Roberts unit.
However, UF42 consists of a duplex soil with an orange (7.5YR6/6) plastic and
sticky clay with a layer of few, fine to medium Permian clasts (rounded platy gravel) at
1.4-1.6m depth. This overlies Tertiary sands. A check site some 10m to the east of UF42
directly intersected Tertiary sands and there were no coarse fragments. Downslope from
UF42, UF47 also intersected Tertiary sediments with no coarse fragments.
UF17 and UF46 to the west of the main transect intersected typical Hanslow unit
deposits. UF45, UF44 and UF48 are located towards the distal end of the Hanslow unit and
intersect 1.8-0.8m of Hanslow unit (although with smaller clasts than are typical of the
Hanslow unit) overlying Tertiary sandy clay.
4.3.5 Thistle traverse
The Thistle traverse consists of only one site, UF22, located on a small, isolated
knoll with alluvium and existing and prior channels of Pigeon Hole Rivulet at lower levels
on either side. The Thistle unit is composed of predominantly doleritic material to 5m
though there are also some Triassic clasts and some which appear to be Tertiary clay. No
reference stratum was encountered but the site is most probably underlain by Tertiary
sediment.
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4.4 Description of the major clastic deposits
Subsequent to traversing with the Proline, two sites were excavated with a backhoe.
The sites chosen for detailed description were at UF12 (Hanslow unit) and UF14 (Radar
unit) (see Fig.6). Both pits were excavated until Tertiary sediments were exposed.
4.4.1 Hanslow unit
The Hanslow pit (shown in section in Fig. 11 and in Plate 2) exposed 1.7-1.9m of
Hanslow unit overlying Tertiary sediments. The thickness of the deposits at other sites
ranged from 1.5m at UFl 1 and UF17 to 2.3m at UF12. The underlying Tertiary sediments
consist of light grey (2.5Y8/2), massive, sandy loam with few, medium, distinct yellow
mottles. A few vertical planar voids had deposits of soft CaCOj < 0.5mm thick. A hard
nodule of calcrete approx.30xl0x5cm had formed some 10cm below the discontinuity.
1
Plate 2. Exposed face of pit dug in the Hanslow unit. Profile UF12.
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The Hanslow unit consists of two facies. The lower fades above the Tertiary
sediments consists of 10-20cm of crudely bedded gravel and sand in a clast-supported
matrix. Overlying this is a very poorly sorted, predominantly matrix-supported diamicton.
Clasts include rounded to subrounded Jurassic dolerite to 15cm diameter, rounded platy
Permian mudstone and siltstone to 10cm diameter with other clasts including ferricrete,
Triassic sandstone, quartzite and silcrete. There is a weak, coarsening-upwards trend with
larger clasts in a finer matrix in the upper part of the section. The clasts are not orientated
or imbricated and several, including some larger dolerite and platy Permian, have their long
axes orientated vertically or at steep angles. In the middle of the section at 130-150cm depth
is a deposit of clast-free olive grey (10Y4/2) sandy clay. There are many soft and hard
CaCOs segregations.
The modern soil occupies the upper 50cm (approximately) of the exposed section.
There is a weakly hardsetting surface horizon of greyish yellow-brown (10YR4/2) sandy
loam with few, fine, distinct, brown mottles and weak, granular peds (5mm) to a depth of
15 to 18cm. The field pH is 5.8-6.0. This horizon is clearly separated below from a 2-3cm
thick horizon of conspicuously bleached sandy loam A2 horizon containing common,
medium rounded and tabular to subangular detrital fragments of ferricrete. This horizon is
abruptly separated below from a B2 horizon of dull yellowish-brown (10YR4/3) to olive
brown (2.5Y4/3) medium clay with moderate coarse prismatic pedality. The prisms are 20-
25cm in diameter.
4.4.2 Radar unit
The Radar pit (shown in section in Fig. 12 and in Plate 3) exposed 260-270cm of the
Radar unit overlying light grey (10YR7/1) Tertiary clay sediments. The Tertiary clay is
highly fissile breaking to strong 5mm angular blocky peds with lac ped faces. Slickensides
are strongly developed with which a bright yellowishbrown (2.5Y6/6) mottle is associated.
The exposure of the Radar unit shows a fining-upward sequence of four facies. The
lowest facies above the discontinuity with the Tertiary sediments varies from 10-40cm thick
and consists of poorly sorted, bedded, clast-supported, slightly imbricated, horizontally
orientated rounded platy gravel of mainly Permian rocks.
The second facies occurs between 2.4m and 1.4m from the surface and is a mixture
of two types of sedimentary material. The most common material consists of poorly sorted
sand and gravel with rounded platy, mainly Permian clasts mostly < l-5cm but with an
occasional clast to 8cm diameter. The fabric is mainly clast-supported from 2.0-2.4m and
above this the clasts are separated within a sandy matrix. A number of thin lenses (often
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lOcm or less thick) of rounded platy, Permian clasts (mostly l-3cm) occur in a matrix of
light grey clay. Fabric varies from matrix-, to clast-supported but the clay has little sand
associated with it.
The third facies extends from 140 to 100cm depth. A light greyish yellow (2.5Y6/2)
clayprovides a matrix for many roundedplaty, mainly Permian clasts (mostly < 3cm) some
of which are orientated vertically (Plate 12). This facies is coincident with the lower part of
the modern soil profile.
The fourth facies occurs above 100cm and includes the upper B2 horizon of the
modern soil profile to a depth of 15cm. It is a yellowishbrown (2.5Y5/6) medium clay with
few, medium, distinct, grey mottles and moderate to strong coarse (15-25cm) columnar
pedality (Plate 16). This facies is almost clast-free. The B2 horizon is sharply separated
above across a wavy boundary from 2cm of sporadically to conspicuously bleached loamy
sand forming an A2 horizon. The latter is clearly separated above across a clear, smooth
boundary (ploughing) from 13cmof brownish black (10YR3/2) loamy sand forming a single
grain A1 horizon.
A special feature of this section is the occurrence of vertically orientated bodies of
medium sand commonly 2cm but up to 3-4cm thick. This sand separates adjacent coarse
prisms of clay forming a distinct casing around vertical faces and is interpreted as
representing the infilling of vertical cracks from above. The infills extend upwards from
100cm depth but are best represented within the third facies from 140 to 100cm depth.
In contrast to the Hanslow section there is no free secondary CaCOj in any part of
the Radar section, together with an almost complete absence of clasts of Jurassic dolerite.
However, elsewhere, coarse dolerite clasts occur in stream channel deposits transecting the
Radar unit.
4.4.3 Analysis of clast size and lithology
A detailed comparison of the lithology of clasts in the various deposits was carried
out in the light of the known diversity of geological formations in the contributing
catchments. Ruhe (1964) used clast lithology to differentiate fan deposits in New Mexico.
Belbin Rivulet to the north and Cross Rivulet to the south are the only catchments with
Permian outcrop. The catchment of Pigeon Hole Rivulet has only Jurassic dolerite and
Triassic sediments outcropping.
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Plate 3. Exposed face of pit dug in the Radar unit. Profile UF14.
Clasts were recovered from the Proline cores at several sites, were measured along
their longest axis and their lithology determined. Rock types identified include Permian
mudstone/siltstone, Jurassic dolerite, Triassic sandstone and mudstone, together with
ferricrete and siliceous clasts. The siliceous clasts include silcretes of probable Tertiary
origin and Cambrian quartzites (identified by thin section. Banks pers.comm.) which occur
as dropstones in the Permian mudstones. Clasts were chosen at random in each 1cm size
class but due to the intrinsic bias of sampling from the Proline, no attempt was made to infer
a particle size distribution for the associated deposit. The numbers of clasts of each type are
given in Table 4.
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Table 4 cont.
Jurassic
dolerite
Triassic
sandstone
Triassic
mudstone
Permian
mudstone
siliceous ferricrete
UF17/ 550cm Hanslow Unit
<lcm 9 1 38
1-2 19 2 64 2 3
2-3 16 15
3-4 18 11 1
4-5 8 3
5-6 4 1
6-7
7-8
8-9
9-10
% 35 1 61 1 2
UF20/ 65-140cm Roberts Unit
<lcm 26 26
1-2 33 47 1
2-3 24 13
3-4 14 5 1
4-5 8 1
5-6 7 1
6-7 3
7-8 2
8-9
9-10
% 55 44 1
UF26/ 80-130 Radar Unit
< 1cm 5
1-2 14
2-3 20
3-4 1 1 10
4-5 9
5-6 1 1
6-7
7-8
8-9
9-10
% 4 1 94 1
UF26/ 2-3m Radar Unit
< 1cm
1-2 1
2-3 10
3-4 6 20
4-5 11 17
5-6 2 11
6-7 1 5
% 24 75 1
Triassic clasts do not transport far before they disintegrate. Very few were
found in either the Hanslow or Radar units but there was a significant number at UF16
(Near Dam Unit) where they were transported less than a kilometre at most. Permian
mudstones/siltstones are almost invariably rounded platy compared to the Jurassic dolerite
which is more variable, ranging from rounded and subrounded to subangular platy. There
were more Permian than Jurassic clasts in the < 3cm size ranges but few Permian in the
larger sizes.
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No Permian clasts were found in the Near Dam or Wattle units indicating there
has been no contribution from Belbin Creek ie., Pigeon Hole Rivulet was the source of the
sediment.
Jurassic and Permian clasts were found distributed throughout the Hanslow unit
but in the Radar unit there are few dolerite clasts in the finer matrix. Dolerite seems to be
associated with coarser stream channel deposits eg., in UF13 (Radar Unit, near UF14) there
were virtually no dolerite clasts until coarser gravel was encountered at depth. A similar
sequence was observed in exposures along Pitt Water. Nicolls (1960) noted a similar
"remarkable" feature of the Brumby and Brickendon gravels from which dolerite was absent
although it comprised a major rock formation in the catchments.
The clast lithology indicates different sources of sediment for other clastic
deposits on the farm. UF20 (Roberts Unit), from the Roberts traverse, has a different ratio
of Permian to Jurassic clasts when compared to the Hanslow and Radar units. Dolerite
comprises 10-30% of the clasts in those units in the < 2cm size ranges, compared to 80-90%
in the Roberts unit.
The Jurassic, Triassic and Tertiary clasts, together with the topographic position
of the Thistle unit indicate the Pigeon Hole Rivulet catchment as the source of the material.
4.4.4 Weathering rinds
The thickness of weathering rinds on large clasts may be an indicator of the
relative age of deposits (Birkeland, 1984a) and has been used in south-west Tasmania to
differentiate tills (Colhoun, 1985a; Kiernan, 1989). The clasts compared should be drawn
from positions in the sediment subject to similar weathering conditions. Conditions which
should be kept constant if possible include lithology, drainage conditions (reducing,
oxidizing), pH, pedogenesis and clay content. Setlow (1978) and Douglas and Platt (1977)
discussed weathering effects on quartz grain surface textures.
Weathering rinds were measured on dolerite clasts taken from the Hanslow and
Radar pits. Of 51 clasts from the Hanslow pit, 24 had rinds l-2mm thick and 27 had rinds
< 1mm thick. The thickness varied from < 1mm to 2nim on some individual clasts.
There were only 8 dolerite clasts in the Radar pit which were large enough to
measure. The rinds varied from 5mm to 10mm thick. Some 40mm dolerite clasts recovered
from the finer-grained upper facies in the UF14 Proline core were completely weathered and
another 7cm clast had a rind of over 10mm. The dolerite clasts from coarser gravel deposits
eg. in UF13 and in exposures along Pitt Water, had much thinner weathering rinds (often
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only l-2nmi) than those embedded in the finer matrix. This highlights the importance of the
sampling procedure in applying this technique.
Although the lithological diversity of the Permian clasts limited their usefulness
for this analysis, it was observed that there were many more strongly weathered Permian
clasts in the Radar unit than in the Hanslow unit.
Although in a strict sense the data do not permit quantification of any differences
in weathering rind thickness between the two units, there is good qualitative evidence on
which to suggest that the Radar unit is more weathered than the Hanslow unit. Any attempt
to suggest a time frame would be conjecture.
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CHAPTER 5
Geomorphology of the University Farm
5.1 Review : Alluvial fans
5.1.1 Morphology
Alluvial fans have been defined mainly on morphological criteria; vide Thornbury
(1954) defined a fan:
"where a heavily loaded stream emerges from the hills or mountains onto
a lowland there is a marked change in gradient with resulting deposition of
alluvium, apexing at a point of emergence and spreading out in a fan-like
form onto the lowland".
Bull (1972) simplified this as:
"a deposit whose surface forms a segment of a cone that radiates downslope
from the point where the stream leaves the mountains".
Obviously aware of the controversy over the causes initiating deposition, Wasson
(1975) made no reference to mountains and changes in stream gradient, and described
alluvial fans as:
"deposits of clastic debris which accumulate in the form of part of a cone
and are fan shaped in plan".
Later authors appear to have accepted existing defmitions. Rachocki (1981) simply
listed definitions while Kochel and Johnson (1984) described typical alluvial fan morphology
as:
"fan shaped in plan view, downslope-arcuate contours, and convex upward
cross-profiles"
However, Speight (1990) described alluvial fans in terms of relief, modal slope,
stream channel occurrence, mode of geomorphological activity, geomorphological agent,
status of geomorphological activity and component landform elements. While this description
undoubtedly fits a known alluvial fan, it is somewhat more difficult to conclude that an
unknown landform is an alluvial fan. In addition there are some aspects of the description
50
which are overly restrictive, eg., the 3% upper slope limit. (By way of general comment on
Speight's system of landform description, although there are advantages in a parametric
approach, the system still relies on historical genetic ideas about landform evolution.)
Slope of the fan surface and radius are usually inversely related. Slopes range from
15°(40%) to less than 1°(1%). Williams (1973) described fans with radii of 6-17km, apical
fan slopes of l-3°(2-6%) and distal slopes as low as 0°10'-0°25'. The Derwent Valley fans
described by Wasson (1977a,b) have concave slopes grading from 10°(19%) at the apex to
less than 4° (7%) towards the distal end (though the toes of the fans have been either
truncated or submerged as sea level rose at the close of the Last Glacial).
However, alluvial fans do not necessarily maintain or develop their characteristic
shape. Adjacent fans may coalesce to form a piedmont slope (Bull, 1972), a depositional
piedmont or bajada (Bull, 1977), a piedmont alluvial plain (Rachocki, 1981), or a bajada-like
alluvial apron (Kochel and Johnson, 1984). Obstructions such as rock outcrop may occur
within the fan and streams may truncate the distal portions of fans. Fans formed as a result
of tectonic activity may have extremely complex surface morphology (Kesel and Spicer,
1985). Fans may be only partially built before the conditions conducive to their formation
change, and the fan building processes cease. Beaty (1970) estimated a rate of fan
accumulation of 7.5-15cm/ka while Ryder's (1971a,b) estimate was more than 3m in 6ka.
Fanhead entrenchment may have a major influence on fan morphology as the locus
of deposition changes and secondary fans form below the intersection point. Wasson (1977a)
argued that the critical factor is whether the trench still supplies sediment to the fan surface
or whether the sediment is transported beyond the surface of the fan. He proposed using the
terms fan entrenchment in the first case, fan incision in the latter case and fan dissection as
a general term to encompass both. As will be discussed later, entrenchment is significant in
the distribution and properties of soils on fans.
5.1.2 Sediments
The nature and distribution of sediments is of obvious importance to the soils
subsequently developed, and alluvial fans have characteristic sedimentary deposits. While
landform can be used to identify modern alluvial fans (their shape and proximity to
mountains) their identification in the sedimentary record is based on vertical sequences of
sediments. The attention paid to these deposits by geologists has contributed to an
understanding of fan processes and sediment types.
Heward (1978) reviewed the literature pertaining to the geological record and
related vertical thinning and coarsening sequences to suggested causes (processes). Heward
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warned against using general trends and relationships distilled from many studies in order
to explain individual occurrences. He related fining-upward sequences to such factors as
reduced relief and slope in the sediment source area, reduction in the depositional gradient,
reduced rates of tectonic uplift and fan aggradation. Coarsening-upward sequences may be
due to fan progradation, basin subsidence and increased rates of tectonic uplift. In only one
paper he reviewed (Bryhni and Skjerlie, 1975) was climatic change suggested as a causal
factor, an interesting insight into differences in approach between geologists and
geomorphologists given the importance of climate to geomorphologists in understanding
modern fan processes. Reward also suggested that fan deposits were likely to be thin unless
there was tectonic rejuvenation; the depth of the deposits being dependent on the relief of
the original topography.
Bull (1972, 1977) who was also interested in recognizing fans from the geological
record, had a more process-orientated approach. He recognized water-laid and debris-flow
deposits and further differentiated the water-laid deposits into sheetflood, stream channel and
sieve deposits. He observed that the characteristics of the debris-flows depended upon their
viscosity. Low viscosity debris-flows had graded bedding and horizontal orientation of clasts
while the more viscous flows had no sedimentary stmcture and vertically orientated clasts.
He was able to differentiate debris-flow from water-laid deposits using a Passega CM
diagram (the logarithmic plot of the coarsest one percentile C versus the median grain size
M).
Wasson (1977b) distinguished between Bull's two sediment types (water-laid and
debris-flow) in the field using the presence/absence of sedimentary structures, sorting, and
shape of the deposits. He found that the debris-flows (poorly sorted with variously sized,
coarse fragments in a finer matrix) dominated the proximal parts of the fan and the finer-
textured and water-laid deposits dominated the distal parts of the fan. This distribution of
sediment types is in accord with down-fan trends such as reduction in grain size, increased
sorting, fewer debris-flows and more alluvial deposits that have been reported by Hooke
(1967), Bull (1972), Reward (1978) and Harvey (1984). Wasson further differentiated the
water-laid deposits into characteristically fluviatile, moderately well sorted, well bedded
gravels and sands (Group 2 sediments), and another group (Group 1 sediments) comprising
poorly sorted, imbricated, predominantly clast-supported but with some matrix-supported
fabric. Wasson proposed that these group 1 sediments may either have been deposited as a
slurry of sufficiently low viscosity to allow imbrication of the clasts or that there was
illuviation or sieving of fines into fluvial deposits post deposition. Although he found the
second explanation simpler and thus inherently more attractive, it still did not explain the
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matrix-supported clasts. As will be discussed later, the author suggests these deposits may
be debris-flows with fines contributed from Tertiary sediments. This explanation also
accounts for the failure of the Passega CM diagrams to discriminate between the two
deposits; that is, they are both debris-flows. However, it is also worth noting the difficulty
in classifying the continuum of water content vs sediment load into discrete units.
Harvey (1984) investigated the influence of drainage basin size, relief and geology
on alluvial fan processes and morphology. He described four sediment types as debris-flow,
sheet-gravel, channel-gravel and silt and further classified fans as debris-flow, fluvial and
intermediate. He found debris-flows more prevalent in association with small, steep
watersheds while fluvial deposits were associated with larger, less steep watersheds. This
is most likely due to the supply of sediment since there is room for temporary storage of
debris-flow sediment in the valleys of larger catchments (Bull, 1977).
Kochel and Johnson (1984) listed evidence of debris-flows to include poor sorting
and coarse texture, indistinct stratification, sharp basal contacts, absence of current
structures, superelevation of debris lines, inverse graded bedding and preservation of rip-up
soil clasts and weathered boulders.
5.1.3 Processes
While fan morphology and sediment types are important to the nature and
distribution of soils, those processes which initiate and then cease fan aggradation and
incision may provide a chronological and climatic framework with which to understand
pedogenesis.
Wasson (1979a) concluded that factors controlling fan formation in the Mundi Mundi
fans in western New South Wales were primarily
(a) a change in confinement of a stream
(b) a continuing supply of sediment
and (c) lack of a process to remove the fan
while secondary controls included
(a) the nature of the sediment supplied
and (b) climatic change.
A change in stream confinement may be associated with a fault line (Bull, 1964,
1972; Kesel and Spicer, 1985) and with a change in base level of a stream (Bull, 1977;
Suggate, 1963; Carryer, 1966). Fan development will cease without a continuing supply of
sediment as Wasson (1977a,b) found when periglacial and nivational processes ceased at the
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end of the Last Glacial in the Derwent Valley. Ryder (1971a,b) found that fan development
in British Columbia was largely due to a source of easily mobilized glacial deposits.
Incision and fan destruction depend upon processes which remove sediment from the
fan surface. Processes causing incision and entrenchment may be divided into those inherent
and those external to the system (Wasson, 1977a; Heward, 1978). Intrinsic causes include
scouring associated with extreme rainfall events, alternating debris-flows and water-flows,
reduction of stream gradient to an equilibrium profile and capture of a fan feeder channel.
Extrinsic causes include climatic change (wetter or drier), reduced debris supply, reduced
relief in the source area due to downcutting, lowering of base level of the fan and tectonic
uplift.
Sediment type was found to be significantto fan morphology by Harvey (1984) in
relating debris-flow and fluvial deposits, fan size and shape, and source rock type.
The relationship between fan formation and climate is a controversial one given the
use of fans as palaeoclimatic indicators.Historically, muchof the early work on alluvial fans
was undertaken in the arid areas of the United States and fan deposits were thus taken as
indicators of arid climates. Blissenbach (1954) argued that fans developed best in relatively
dry climates with intermittent intense rainfall since high discharges would act to remove
sediment from the fan. Williams (1973) related fan aggradation to arid, cold conditions with
brief periods of high intensity rainfall and snowmelt. Fan dissection occurred during arid
periods with low stream discharges.
The literature indicates that fans occur under most modern climates. Kochel and
Johnson (1984) have classified fans as arid, humid glacial, humid tropical, humid temperate
and humid periglacial. Wasson (1975) summarized the current view:
"alluvial fans are not restricted to specific climatic zones, but (may occur) wherever
sediment is available and the appropriate conditions prevail".
Precise relationships between climate, alluviation and dissection are not known
(Wasson, 1979a; Kukla, 1977) and thus attempts at palaeoclimatic reconstruction using
general concepts of alluvial fan or alluvial deposition must be considered with caution.
5.1.4 Soils
Geomorphologists have recognized the significanceof pedogenesis and palaeosols
on alluvial fans but there have been few studies of soil development. Ruhe (1967), Melton
(1965), Gile (1975, 1977), and Gile and Hawley (1966) worked on arid zone fans in the
United States, McCraw (1968) on humid temperate fans in New Zealand, and Kesel and
Spicer (1985) on fans in the wet tropics of Costa Rica.
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Alternating periods of pedogenesis, and erosion and deposition are characteristic of
alluvial fans Bluck (1964), Lustig (1965), Hooke (1967), Ruhe (1967) and Bull (1972).
Palaeosols have been used to establish stratigraphic and chronological relationships of
sediments on fans, vide Williams (1973), Wasson (1977a), Sigleo (1979), Kochel and
Johnson (1984) and Harvey (1984). Fanhead entrenchment may particularly affect soil
distribution because the locus of deposition is transferred to only one segment of the fan
(below the intersection point) while the remaining fan surface is subject to weathering,
pedogenesis and erosion, vide McCraw (1968) and Reward (1978). Wasson (1979a) argued
that a normally aggrading fan will have a number of palaeosols exposed in section which are
indicative of the changing segments of deposition. A palaeosol developed across the whole
surface of the fan (ie. one which can be traced laterally and longitudinally) could be used
as evidence of a major stratigraphic break. A break induced by climatic change should also
be evident in adjacent deposits.
McCraw (1968) described soils of the fanhead, a middle fan zone and the fan toe.
He was able to identify four periods of deposition based on the degree of soil development
and postulated ages of soils with "weak" profile development as late Holocene, with "well
developed profiles" as late Pleistocene and with a "much stronger degree of profile
development" as having experienced the warmer climate of a long interstadial.
Chronological relationships were established more precisely by Kesel and Spicer
(1985) on entrenched, tectonically active fans in Costa Rica. They used radiocarbon dates
of buried peats, extrapolation of sedimentation and incision rates and relative degrees of
profile development based largely on solum thickness.
5.2 Review: Pediments
The following discussion of pediments will briefly consider the morphology and
processes operating on pediments and draw some parallels between pediments and alluvial
fans. Although these landforms have usually been considered separately in the literature,
they do have several features in common which can be integrated to explain landforms,
sediments and soils in the study area.
A useful definition was given by Gerrard (1981) who described pediments as
"gently concave erosion surfaces often mantled with superficial materials of variable
thickness that occurred at the foot of the steep mountain scarps".
Although Ruhe (1975a) for example, argued that pediments may form where
mountains are not involved and Twidale (1976) pointed to some difficulty in understanding
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processes where there is only a small area of uplands, the consensus in the literature favours
the relationship of pediments to mountains and scarps eg., Speight (1990)
"...pediments characteristically lie down-slope from adjacent hills with markedly
steeper slopes".
That is, as with alluvial fans, pediments generally occur as the footslopes of terrain
with higher relief and steeper slopes.
Pediments are often irregularly shaped in plan (though they may be fan shaped),
have a concave longitudinal profile, often concave but also convex transverse profile, and
an "intricately dissected" surface (Hadley, 1967). Whitaker (1979) has extensively reviewed
the literature pertaining to pediments and has defined a pediment as
"a terrestrial erosional footslope surface inclined at a low angle and lacking
significant relief in all three dimensions. It usually meets the hillslope at an
angular nickline, and may be covered by transported material".
Alluvial fans are considered as depositional landforms and pediments as erosional
landforms but the differences are not always clear (Mensching, 1958; Werner, 1972).
Pediments often have a veneer of sediment. Ruhe (1975a) referred to it as pedisediment.
Tator (1952) described this material as "poorly sorted", "rudely stratified" and with the
character of a "torrential deposit". These terms would be equally applicable to the sediments
in an alluvial fan. It is interesting to compare the description of the sheetflood event
described by McGee (1897) with the description of debris-flows in the literature pertaining
to alluvial fans, eg., Costa and Jarrett (1981). The depth of pedisediment is usually thicker
(Ruhe, 1975a; Gerrard, 1981) and better sorted (Tator, 1952) towards the distal end. Tator
also suggested that the depth of sediment was determined by the depth of stream scour. The
amount and type of sediment is dependent on the efficiencyof the transporting agency across
the pediment and Hadley (1967) concluded that alluviation of pediments is not well
understood.
Whitaker (1979) differentiated between erosional and depositional landforms using
the "nature and timing of the acquisition of its form". That is, erosional landforms were
developed post deposition, while depositional landformswere developed contemporaneously
with deposition. Whitaker recognized a continuum of forms and proposed that, instead of
using the term pediment for an intermediate stage, it may be preferable to describe the
degree of pedimentation.
Pediments are widely regarded as being associated with arid and semiarid regions
where the balance of the processes operating is most conducive to pediment formation
(Tator, 1952; Hadley, 1967; Weise, 1970). However, King (1953), Werner (1972), Ruhe
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(1975a) and Twidale (1976) have expressed concern at an exclusive relationship and point
out that pediments have been identified in more humid landscapes. Twidale suggested that
the occurrence of faceted and not graded slopes may be due to the lack of vegetative cover
in dry climates.
The generally recognized processes operating on pediments include lateral planation
by streams, compartment weathering and lowering (particularly on granite) and hillslope
retreat. King (1953) differentiated pediments from other slope facets because the transport
of debris was accomplished by water alone. Debris is removed by processes such as rill
wash, sheet floods and unconcentrated flow (Hadley, 1967; Whitaker, 1978). Mabbutt
(1966) discussed the significanceof subaerialweathering to pedimentation.Whitaker (1978)
evaluated three hypotheses of the formationof pediments while working in the Kimberleys.
He concluded that the most satisfactory explanation involved a composite of compartment
weathering, dissection and subsequent lowering, and slope retreat. Lateral planation played
little part in pedimentation in this area.
While different processes may be dominant in different areas it appears to be
generally agreed that the pediment is a "slope of transportation" and that all of these
processes may be operating to differentdegrees. Rill and sheet wash may efficiently remove
fine debris from a pediment but more concentrated stream flow or sheet floods are required
to explain the transport and deposition of coarse debris.
A different view of pedimentation was presented by Castleden (1980) in his study
of glacio-fluvial systems. He proposed that pedimentation was caused by lateral planation
of streams that run parallel to the mountain front rather than normal to it. The pediments
form as a series of steps, rather like terraces, with periods of incision during favourable
climatic conditions when vegetation stabilizes the floodplain and concentrates the erosive
energy of the stream in the stream bed. During stadials, the floodplain was unstable and
easily eroded and the streams dissipated their energy laterally. However, it is arguable
whether Castleden's pediments are consistent with the use of the term in the literature. His
use of the term is based on Crickmay's assertion that pediments are formed by rivers
flowing parallel to, not normal to, the slopes. Most other papers concerned with processes
emphasize the relationship between the hillslopes and the pediments.
Frye and Smith (1942) and Frye and Leonard (1952) also discussed pediment-like
landforms in valleys in Kansas. These "flanking pediments" are composed of well sorted to
poorly sorted material up to 20 feet thickwhich reflects the upslopesource. They suggested
that valley widening was due principally to slope processes rather than to stream action.
These slope processes included "headward and lateral cutting of numerous, closely-spaced
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minor streams", creep or lubricated creep and rill wash. Where the veneers were poorly
sorted and judged to be due to creep they were mapped as colluvium.
Ruhe (1975b) and Gerrard (1981) have discussed the significance of pedimentation
to soil properties and distribution. There may be variable depths of pedisediment across a
pediment; different materials may be contributing to different parts of the pediment as the
backslope is cut through materials of different lithology; sediment may be sorted across the
pediment, and changes in base level due to uplift, or climatic change, may lead to stepped
erosion surfaces of different ages. Ruhe (1959) has shown the importance of stone lines as
indicators of erosion surfaces.
5.3 Interpretation of sediments and landforms on the University Farm
5.3.1 Hanslow and Radar stratigraphic units
The Hanslow and Radar stratigraphic units represent two discrete periods of
deposition. Radar being the oldest. These deposits can be interpreted by invoking processes
associated with both alluvial fan deposition and pediment formation.
Belbin Rivulet has a tributary, integrated, convergent stream channel pattern
(Speight, 1990) and drains an area of 100 ha. The highest peaks in the catchment rise to
over 390m (Craigow and Eagle hills) although most of the catchment has a relative relief
of about 150m (250m ASL interfluves to 100m ASL drainage lines). Most slopes within the
catchment, measured from 1:25 000 topographic maps, are 30-40%, ranging from 20-50%.
Outcropping geological formations include Jurassic dolerite capping the hills, Permian
sediments (including Ferntree mudstones, Malbina formation and Risdon sandstone) and
Triassic sediments (Leaman, 1976).
The Hanslow unit has been incised by Belbin Rivulet but the southern section is
considered to have maintained the constructional surface for over 2km from its apex some
500m west of the Richmond Road to its toe on the University Farm. The proximal part of
the unit slopes at 3.0-3.5% but the surface is mainly planar at 2% (Fig. 13). The toe of the
unit has been truncated at Pitt Water and the fan has been incised along several V-shaped
drainage lines.
The floodplain of Belbin Creek is 3-4m below the surface of the Hanslow unit. The
similarity of the soils on the floodplain to those of the Native Hut Rivulet floodplain (Plate
4) for which there is a C" date of 3-4 OOOy BP (Goede, pers.comm) suggests they are of
a similar or younger age.
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North of Belbin Rivulet are clastic deposits which have similar morphology, soils
and landform relationships to the Hanslow unit with which they may be coeval and part of
a larger pediment.
iV. Lu-ti
Plate 4. Charcoal taken from approx. 40cm above the erosional unconformity at the
base of this exposure in Native Hut Rivulet by Goede (pers.comm.) has
been dated at 4160+ 160y BP.
The clastic deposits do not occur as a cone or in the typical fan shape. They are thin
compared to fan deposits described in the literature. Bull (1972) suggested fans should be
100 times as long as they are deep. These deposits are over 2km from apex to toe but only
2-3m thick. This landform is what Bull might describe as an "alluvial slope" or "alluvial
piedmont".
The surface of the underlying Tertiary sediments has a form which is consistent with
that of a pediment. It has a gentle concave modal slope of 2% to the east, parallel to the
surface of the overlying clastic deposits. This surface then might be regarded as a pediment
and the overlying deposits as pedisediment (Ruhe, 1975).
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The process responsible for the pediplanation of the Tertiary sediments is lateral
planation by streams. The clastic deposits immediately above the cut surface are waterlaid
and typical of shallow stream channels. There is no evidencethat rill and sheet erosion have
played a role in the development of the surface sincethe coarseness of the clastic deposits
would require a concentrated stream flow and the undulationsreflect the bed shapes of these
streams.
The surface of the overlying clastic deposits is smooth to the edges of the incisions
and although typical of a depositional environment may also be subject to pedimentation by
sheet and rill erosion. The concentration of ferricrete fragments on the B2 horizon of the
modern soil may be due to this process ie., somewhat similar to that which forms stonelines
and described by Ruhe (1959).
However, the clastic deposits do have several features in common with alluvial fans.
The apex of the deposits has formed at the change in confinement of Belbin Rivulet where
it leaves the Meehan Range. The lithology, sedimenttype and shape of the deposit indicate
that its source is entirely from this catchmentand is not from other catchments to the north
(this is certainly the case for the Hanslow unit and most probably also for the Radar unit).
Both units are composed of water-laid and debris-flow deposits, typical of what might be
expected in an alluvial fan. Thus, although the surfacemorphology of these deposits is not
typical of alluvial fans (ie., not a complete fan shape) the processes associated with alluvial
fan formation are relevant to understanding the properties and distribution of the soils.
No attempts were made to quantify any trends in particle size from the apex of the
Hanslow unit to the toe but Plate 5 shows a diamicton with dolerite clasts to over 30cm
exposed in a road cutting some 500m from the apex of the unit. In contrast, the Hanslow
pit at around 1.5kmfrom the apex has clasts to only 10-15cm, supporting the interpretation
of a fan with distal fining.
The lowest fades of the exposed sediments in the Hanslow pit (Section 4.4.1) has
been interpreted as alluvial sands and gravels of the type similar to the channel-fill sediments
of Bull (1977) or the Group 2 sediments of Wasson (1977b). These overlie Tertiary sand in
the Hanslow pit in which secondary CaCOg has been deposited. The carbonate has most
probably leached from weathered dolerite in the overlying sediment since there is no
morphological evidence of a palaeosol having been developed in the Tertiary sediments at
this site. This suggests that the period of deposition began with alluviation following incision
which removed any previous soil.
The upper fades in the Hanslow pit is interpreted as a series of debris-flows (after
Wasson, 1977b) based on the very poor sorting, random orientation of clasts and lack of
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sedimentary structure. Some of the platy, rounded Permian clasts were orientated vertically
and this feature has been used by Bull (1972, 1977) to indicate highly viscous debris-flows.
The olive grey sandy clay deposit is also interpreted as a debris-flow that has not entrained
any clasts (this is consistent with the mud flow of Bull (1972), or the submarine slurry flow
of Carter (1975)). Wasson (1977b) observed debris-flows in the Derwent Valley which had
entrained few or no clasts. The irregular shape of the deposit is probably due to erosion by
following debris-flows and water, an explanation also offered by Wasson. The sandy clay
has a field texture, consistence, colour and manganese dendrites which are similar to
Tertiary sandy clays in the area. A possible explanation is that this "mud flow" has been
derived from unstable Tertiary sediments. A source including material from other geological
formations is likely to have had at least some clasts eg., the slurry flows described by
Wasson (1979a) which had 3mm clasts. The mobility of this material depends upon the
viscosity (ie. sediment/water ratio).
Plate 5. Section transverse to the longitudinal axis of Hanslow unit near its apex,
exposed in a cutting beside the Cambridge-Richmond Road just south of the
modern Belbin Creek channel, showing a diamicton of predominantly
dolerite clasts.
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The inverse grading (or slight coarsening-upwards sequence) of the upper facies is
taken as further evidence for debris-flows. Kochel and Johnson (1984) reported that inverse
grading was common in debris-flows because of "the strength and buoyancy forces caused
by high dispersive stresses". These forces work within a single depositional event (Johnson,
1970) and this implies that debris-flows towards the top of the section were at least 40cm
thick. Wasson (1975, 1977b) measured debris-flows of 30-62cm.
The properties of the Radar unit are consistent with what might be expected from
distal deposits of an alluvial fan. The surface of the Hanslow unit grades slightly below that
of the Radar unit (as shown in Fig. 13) and is interpreted as being younger. A similar
relationship exists between the Hanslow and Roberts (UF20) units where the Hanslow unit
is juxtaposed to the incised slopes below the Roberts unit.
Attempts to discover a section with Hanslow unit overlying Radar unit were thwarted
due to the large clasts in the Hanslow unit which made coring with the Proline impossible
and any stratigraphic breaks were obscured by the rock bit. It was not feasible to dig
numbers of exploratory pits with the backhoe.
The basal reference unit in the Radar section is Tertiary clay (Section 4.4.2). Its
structure and the presence of cutans are evidence of pedogenesis prior to incision (Teruggi
and Andreis, 1971; Conacher and Dalrymple, 1977). Van Dijk (1985) recognized lac plasma
(conspicuous smooth and shiny surfaces of peds and fragments of soil when broken down
to the smallest sizes) in dense clay soils on the Tara Plains in Queensland and used the depth
and degree of development to separate clay mantles of different origin. An older, late
Miocene to early Pliocene, clay mantle had such plasma developed to over 8m depth. Also
associated with the lac plasma were large blocky and parallelepipedal units and conspicuous
slickensides.
Lac plasma and strongly developed slickensides are conspicuous features of the
Tertiary clays underlying the clastic deposits in this area. They are not considered to be of
sedimentary origin (Banks, pers.comm.). The Proline penetrated 3m of Tertiary clay at
UF14 and at UF17 (beneath Hanslow deposits) and in both cases the lac plasma and
slickensides were strongly evident at depth. At UF14 there is no secondary carbonate either
in the clastic deposits or in the Tertiary clay but at UFll and UF17 carbonate is deposited
along the slickensides. These features suggest that the Tertiary clays were subject to
pedogenesis for considerable periods of time prior to incision, if the time scales of Van Dijk
(1985) are relevant.
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The lowest fades of bedded and imbricated gravel in the Radar unit is interpreted
as alluvial, possibly associated with prior stream channels. Well defined prior channels are
exposed along Pitt Water.
The second facies is interpreted as a mixture of poorly sorted water-laid deposits and
debris-flows. The water-laid deposits are what might be expected from shallow braided
charmels. There is no bedding and little imbrication and the fabric varies from clast-, to
sand-supported. Thin deposits of light grey gravelly clay were interpreted as debris-flows.
Wasson (1975, 1977b) described similar beds in alluvial fans in the Derwent Valley
and thought the most likely explanation was illuviationof fines into the gravel, although this
did not explain the matrix-supported fabric. The author inspected some of these beds in the
Derwent Valley and noted the similarity of the clay to that in the Radar unit despite the
morphological and lithological differences of the deposits. In both cases the clay is similar
to Tertiary clay.
This is significant because, in the author's experience. Tertiary clays that occur in
the Coal River, Derwent and Launceston basins are similar and distinctive when compared
to unconsolidated Quaternary clays. Clay percentages of 70-80% occur eg. analytical results
from this study and from profile H239 (Dimmock, 1961) and the clay has a characteristic
"fine", "smooth" and "greasy" feel when field texturing. (Interestingly, Tertiary clay from
central Queensland is remarkably similar). The clay is readily dispersed to form a viscous
fluid and it is possible to visualize unprotected Tertiary clay forming a mobile slurry capable
of carrying a considerable load of clasts. Tertiary sediments may have been overlooked as
a source of sediment in the Derwent Valley fans. In some beds the matrix-supported clasts
are orientated nearly vertically as shown in Plate 12 and this may be taken as further
evidence of debris-flows (Bull, 1972).
However, there is also evidence supporting clay illuviation. Some of the clasts in
deposits with clast-supported fabrics lower in the profile are covered by a layer of clay
which appears to have originated in the overlying debris-flows. In addition, the lenticular
shape of the clayey gravel deposits is not consistent with debris-flows described by (Wasson,
1977b) which had eroded margins. Close inspection revealed that there was little sand in the
clay. Sand similar to that surrounding the clasts would be expected if the clay had been
illuviated.
Thus, the evidence suggests the upper gravelly clay deposits can be explained as
debris-flows. It is likely then that there has been some eluviation of clay from these deposits
post deposition which has been redeposited as argillans on clasts lower in the profile.
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The sedimentary structure of the third facies has been partly obscured by
pedogenesis to about 1.4m depth. The section from 1.4-l.Om appears to be related more to
the underlying than the overlying sediments, since it consists of debris-flows of grey clays
and predominantly Permian clasts. Sand infills are strongly developed in this layer giving
rise to a heterogenous mix of materials.
The upper metre of sandy clay of the fourth facies is interpreted as an alluvial
deposit though there are very few (<0.5%) mainly siliceous clasts to about 10cm diameter
isolated in the clay matrix. Any sedimentary structures in this section have been obscured
by pedogenesis.
The fining-upward sequence of sediments in the Radar unit is consistent with their
position at the distal end of an alluvial fan. The presence of debris-flows is not usually a
feature of distal fan deposits but in this instance can be explained by the potentially highly
mobile nature of the Tertiary sediments.
A possible alternative explanation is that the Radar unit is part of an alluvial plain
which extended across Pitt Water, the remnants of which are also exposed as cliffs several
metres high at Lands End (to the north-east of the University Farm) and directly across Pitt
Water to the east (see Figure 1). However, inspection of these deposits showed them to be
alluvial sands, sandy clays and clays with no gravel and no beds which could be interpreted
as debris-flows. They may be coeval with the Radar unit but appear to be alluvial in origin
from sources such as the Duckhole Rivulet and Coal River catchments. Specimens taken
from these deposits for pollen analysis were barren.
5.3.2 Other stratigraphic units
a) The oldest geological formation is the Triassic sandstone, remnants of which
outcrop as a low hill in the Radar Road paddock, and as a collar on the western side of
Mt.Pleasant (Figure 2). Particle size data (2.5<j) modal size) suggests that the Triassic
sandstone has been a major contributor to the sediments of Tertiary and Quaternary age.
b) Tertiary sediments outcrop as hillslopes in the western section of the farm below
the Cambridge-Richmond Road and on the sides of incisions, beneath the clastic deposits.
Further relevant observations on downslope mixing of soil materials and the significance of
secondary deposits of ferricrete, calCrete and silcrete in the Tertiary sediments will be
discussed in following sections.
c) The location of the Roberts unit is shown in Figures 6 and 10 and the soil
developed in it is described in UF20. Its position in the landscape, elevation and stratigraphy
indicate that this unit is older than the Hanslow unit and is possibly coeval and even
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coextensive with the Radar unit. However, the unit is poorly sorted and there are many
dolerite clasts in the 5-8cm range and some larger which is indicative of high energy
transport processes. The Roberts unit is farther from Belbin Rivulet than the Radar unit and
if it also came from the same source then finer textured sediments would be expected.
A possible explanation is that the Roberts unit was deposited by former courses of
the Pigeon Hole Rivulet which ran SW-NE. This is likely to have been the direction of flow
for a considerable period of time given the structure of the Pitt Water graben and the
presence of Mt.Pleasant to the south. However, this does not explain the presence of
Permian clasts because there are no Permian rocks outcropping in the catchment.
The ratio of dolerite to Permian clasts in the Roberts unit is different from both the
Hanslow and Radar units. There are less Permian relative to dolerite clasts in the Roberts
unit. The ratio of dolerite to Permian clasts in the <3cm size range is 1.0 for UF20 in the
Roberts unit and 0.4, 0.2 and 0.4 for UF17, UF12 and UF13 respectively in the Hanslow
and Radar units.
A possible explanation involves extrapolating from some of the landforms found in
the Coal River Valley where there are remnants of alluvial deposits high on the valley sides
eg., at site CR221. Pigeon Hole Rivulet may have reworked a terrace remnant from Belbin
Rivulet and deposited the clastic material as the Roberts unit. This would have had the effect
of diluting the Permian clasts with dolerite from the catchment of Pigeon Hole Rivulet and
increasing the ratio of dolerite to Permian clasts. However, there is little evidence of any
renmants of alluvial deposits on the farm except for the presence of a few Permian clasts at
UF40. This site is above the Hanslow unit at an elevation of 22.2m directly west of the
Roberts unit and indicates an influence from Belbin Rivulet in this area (ie., south of the
Triassic outcrop in the Radar Road paddock which has blocked the southern extension of the
Hanslow unit) prior to deposition of the Hanslow unit. This explanation also accounts for
the coarser clasts because the Roberts unit is only 1.5km from the emergence ofPigeon Hole
Rivulet from which it grades relatively steeply at 3.5%.
The Roberts transect from UF20 to the north generally fits this model as UF43 and
UF47 directly intersect Tertiary sediments and UF44, UF45, UF47, UF48 and UF17
intersect the Hanslow unit. However, small amounts of Permian and ferricrete pebbles were
encountered at UF42 at a depth of 1.4-1.6m overlying Tertiary sediments. A site 10m to the
east of UF42 encountered no clastic material and directly intersected Tertiary sediments. It
was not possible to trace the extent of this unit and its occurrence is therefore somewhat
problematic. The reddish colour and plasticity of the clay suggest that it may be a remnant
of an older alluvial deposit.
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d) The Radar Road unit is composed of material from the Triassic sandstones
upslope. No Jurassic or Permian clasts were found and the rounded to subangular clasts
suggest that both alluvial and colluvial processes were involved in its formation. The Radar
Road unit is older than the Hanslow unit (based on its stratigraphic position and degree of
weathering) and may be coeval with the Wattle unit to which it is morphologically very
similar. A qualitative assessment (based on the degree of weathering and consolidation) of
both these units is that they are of Tertiary age.
e) The Wattle unit (see Figure 7) is interpreted as an alluvial/colluvial deposit
composed of material derived from either Pigeon Hole Rivulet to the south-west or locally
from the outcrop of Triassic sandstone in the Radar Road paddock to the north. The clasts
are mainly Triassic and rounded though there are some that are angular and subangular. All
the clasts are strongly weathered including a 6cm dolerite clast which was completely
weathered.
f) The Near Dam unit (see Figure 7) is a small alluvial fan deposited at the break
in slope between the pediment and the backslope by a north-easterly flowing palaeo-channel
of Pigeon Hole Rivulet. The absence of Permian clasts from both the Near Dam and
underlying Wattle units indicates that there is no material from the Belbin Rivulet catchment
in these deposits. A check site dug to the south-west of the Near Dam unit (AMG 534600
5261100) at an elevation of approx. 45m encountered rounded dolerite cobble and gravel and
may mark the palaeo-channel.
g) The Thistle unit (location shown in Figure 6) is composed of alluvium deposited
by Pigeon Hole Rivulet. The occurrence of "pieces" of Tertiary clay may be due to debris-
flows or they may be "rip-up" clasts of soil material. Most of the deposit is doleritic in
origin on which cracking clay soils rich in montmorillonitehave formed. These soils contrast
sharply with those developed on the Hanslow unit which also has a strong dolerite influence.
There is another small remnant of this unit on the northern side of Pigeon Hole Rivulet
(AMG 535200 5261000).
h) UFIO in the Hanslow transect intersects colluvium and/or an accumulation of
surface wash material from the Triassic sandstone upslope, overlying the Radar Road unit
(Fig.8). This material is composed entirely of Triassic sediment as demonstrated by the
absence of dolerite and Permian clasts. The presence of only a few Triassic clasts supports
a process of surface wash rather than mass movement.
i) There is a shallow lens (around 70cm deep) of aeolian sand just to the west of
UF14 on the Radar unit. There are a number of aeolian deposits fringing Pitt Water which
appear to have been due to onshore wind action but there are other deposits in the valley of
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Duckhole Rivulet just to the north of the University Farm which appear to be due to
north-westerly winds. The particle size data suggest that the sand grains are mainly from the
saltation load and thus from a nearby source such as the floodplain of Belbin Rivulet or the
littoral zone of Pitt Water.
5.3.3 Tertiary sediments
In the past, the Tertiary sediments have been a somewhat neglected area of research,
probably because of their limited economic importance. Some relevant data, collected
mainly from the University Farm during the course of the study, has been collated because
information about Tertiary geomorphic and sedimentary history will assist the better
understanding of Quaternary soils and landforms.
In this area, the Tertiary sediments are characteristically coloured light greys, greys,
greyish olives and olive greys. They may range from sands to clays but the most common
grades are sands and sandy clays. The clays are characteristically "fine", "smooth" and
"greasy" to the touch and some appear to have considerable amounts of silt. Many clay
specimens examined were highly fissile in the moist and moderately moist states with
strongly developed slickensides and lac plasma, although as will be discussed later, this is
considered to be due to pedogenesis.
Particle size data for a number of specimens from the Tertiary sediments are given
in Table 5 and show some of the characteristically high clay contents.
Table 5; Particle size data for some specimens from Tertiary sediments.
Sample %C.S. %F.S. %Silt %Clay
UF2/100-113 1.4 8.2 10.3 78.3
UF2/126-141 0.4 14.2 13.4 72.4
UF2/156-172 0.7 14.2 10.9 74.7
UF3/100-110 2.4 12.8 10.3 74.4
UF3/150-160 4.2 14.3 10.6 71.3
UFl 1/160-183 23.7 24.9 6.9 41.8
UFl 1/185-195 6.8 27.4 8.7 55.2
UFl 1/220-230 2.6 16.9 13.3 67.4
UFl 1/350-362 5.3 14.7 9.3 69.6
UF14/380-390 0.9 9.6 16.6 77
UF15/110-120 18.4 37.4 11.8 31.7
UF15/137-145 20.6 48.5 13.2 17.7
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X-ray diffraction (XRD) of orientated clay smears on glass slides showed a variable
mineralogy with specimens having moderate to large amounts ofmontmorillonite, others had
small to large amounts of kaolinite and in some there were small amounts of illite and either
vermiculite or degraded illite.
Quartz surface features observed using the scanning electron microscope (SEM)
included fresh euhedral faces that showed no evidence of transport. It is likely then that the
quartz formed post-deposition.
Several bodies of Tertiary sediment were sampled for pollen analysis by R. Hill,
Department of Botany, University of Tasmania and by S. Forsyth, Department of Mines,
Tasmanian Government. Unfortunately, all the samples were barren which is consistent with
past experience particularly with Tertiary sands and clays from many other parts of
Tasmania (Forsyth, pers. comm.). However, two sites were found that yielded significant
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macrofossils. Plant microfossils have been found at Native Hut Rivulet in the past but
another site in a cutting in Tertiary sediments on Prossers Road near Richmond yielded well
preserved plant macrofossils in a yellow silty matrix and some were also found in the
ferricretes. These fossils have not yet been properly assessed but a preliminary estimate is
that they are of Eocene or Oligocene age. This is consistentwith previous estimates and a
K-Ar dating (Sutherland and Wellman, 1986) of the overlying basalts.
5.3.4 Ferricretes and silcretes.
Simple definitions of ferricretes and silcretes have been given by McDonald et
al (1990). Ferricrete is defined as
"indurated material rich in hydrated oxides of iron (usually goethite and
haematite) occurring as cemented nodules and/or concretions, or as massive
sheets"
and silcrete is defined as
"strongly indurated siliceous material cemented by, and largely composed of,
forms of silica including quartz, chalcedony, opal and chert".
Summerfield (1983) has described silcrete as a product of surficial and
penesurficial low temperature physico-chemical processes. These processes apply equally to
ferricretes and differentiate silcrete and ferricrete from rocks formed by metamorphic,
igneous and diagenic processes.
Ferricretes and silcretes have been reported as occurring in Tertiary sediments
in Tasmania, particularly in the Midlands and the Launceston Tertiary basin. Marshall
(1969), in the Pipers River area of north-eastern Tasmania, described siliceous conglomerate
and subdivided ferruginous deposits into massive ironstone, pisolitic gravel and ironstone
blocks and a ferruginous drift. Marshall agreed with earlier authors (Montgomery, 1894;
Broadhurst, 1933) that the siliceous conglomerate formed in shallow pockets from
silica-rich, super-heated steam trapped by overlying basalt lavas. However, Stephens (1971)
disagreed with this hypothesis on the grounds of the large number of occurrences of basalt
overlying earlier deposits without silicificationand suggestedthat the silica was derived from
the weathered basalt.
Marshall thought that basalt was the source of iron in the ferruginous deposits
but in contrast to Longman (1966) who considered them to be Tertiary, would ascribe them
only to a post-basalt age. Nye (1922) also suggested that basalt was the source of the
discolouration and iron concretions in the Coal River Valley. Forsyth (in prep) has
described ferricretes and silica-stone in the midlands of Tasmania. He has differentiated
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three types of ferruginous deposits and suggests that one of them, the sub-hasaltic ferricretes,
probably formed by groundwaters depositing iron-rich minerals beneath the capping basalts,
but that their age is uncertain. The other deposits are associated with strongly weathered
laterite.
Ferricretes and silcretes of the University Farm area and in the Coal River
Valley occur in association with Tertiary sediments.
5.3.4.1 Ferricretes
Ferricretes occur as large concretions in the Tertiary sediments on the University
Farm, mainly on the moderately sloping western hillslopes. Plate 6 shows a typical ferricrete
deposit exposed in Native Hut Rivulet in the Coal Valley.
The deposits include large blocks comprised of 2-5mm bands of dense, hard,
greyish red (2.5YR4/2) and 'earthy', soft orange (7.5YR7/8) ferruginous materials which
may be 1+ m across but usually 50 cm or less thick. The blocks lie along bedding planes
and dip to the west. Calcrete deposits also follow the bedding planes and are juxtaposed to
the ferruginous concretions. The dominant iron minerals are haematite and goethite
respectively. Examination with a binocular microscope has revealed that quartz grains are
evenly distributed throughout, embedded in the ferruginous plasma. The bands have a crude
macro-concentricity but there are numerous cavities, usually filled with the soft, orange
ferruginous material. Some of the large round concretions were found to be hollow and
others were essentially hollow but contained white sand of which the grain size was the same
as that of sand in adjacent Tertiary sediments, and from which it has most probably been
derived. Plate 7 shows the morphology as described above with two specimens of ferricrete
from the University Farm near site UF15. One specimen was broken from a typical large
deposit while the other shows a broken hollow concretion in which there was white sand.
The ferricrete deposits are being weathered and fragments of the more resistant
haematite rich material occur in the upper B horizon of the soil profile, often concentrated
at the boundary with the A horizon.
Microprobe analysis of the plasma has shown that the distribution of iron is
irregular varying between 33% and 75% (as FeO) in four recorded measurements which
were considered to be representative after careful scanning. There was a little manganese
(<0.5% as MnO) and some barium and sulphate which probably occur as BaS04. Of
particular interest are the variable but consistent amounts of silicon (11%-63% as SiOz)
which occur throughout the plasma. This is consistent with field observations eg., at the
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Trig station on the University Farm, where large rocks exposed on the surface show a
gradation from highly ferruginous to highly siliceous over a distance of 10-20cm.
Plate 6. Section of a south-facing vertical bank of Native Hut Rivulet shows Quaternary
alluvial gravels deposited unconformably above stratified Tertiary sediments.
The in situ boulder in the foreground is typical of ferricrete deposits associated
with the Tertiary sediments.
Ferricrete occurs in Tertiary sediments in the Lower Coal River Valley.
Particularly good exposures occur in Native Hut Rivulet where they are underlying
Quaternary gravels. The ferricretes lie 'slab-like' along bedding planes in light grey clays
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and are composed of red and orange concentric bands. In some concretions the centre was
found to be a light grey material which was identified by mineralogical analysis as siderite
(Forsyth, pers. comm.). Calcrete also occurs juxtaposed to the ferricrete at this site.
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Plate 7. Ferricrete from near UF15 on the University Farm. The fragment on the right
has been broken off a larger deposit and the broken concretion (left) shows
white sand in the hollow interior.
No in situ ferricretes were found in any of the Quaternary alluvial deposits.
There appears to be a strong relationship with the presence of dolerite upslope. On the
University Farm, no ferricrete was found in any of the Proline cores drilled away from the
footslopes to the west except for an llcm layer of iron-rich material at 631cm depth at site
UFll. Similarly, in the Coal Valley the ferricretes have also been formed downslope from
dolerite. Curiously, outcrops of Tertiary sediments at Strelley, near St. John's Church at
Richmond, and in Plummer's Creek near Campania are not directly downslope from dolerite
and although they all underlie basalt, no ferricrete was found. This may be due to
insufficient groundwater flowing through the basalt.
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The ferruginous deposits and their association with the pallid colours of the
Tertiary sediments tempts an interpretation based on the classical concepts of lateritization
eg. as described by Hallsworth and Costin (1953). Loveday (1955a) and Dimmock (1957)
both mapped small areas of Tateritic' soils in the area. Leaman (1977) suggested that the
iron oxides may be derived from a lateritizing process and that the nodules, as finally
preserved, were presumably fragments of disrupted larger deposits.
Before pursuing the likely processes involved in the formation of the ferricretes
some discussion of the use of the terms laterite and lateritization is warranted. Since
Buchanan coined the term in 1807, it has been used widely to describe ferruginous deposits
in many different situations (Goudie, 1973; McFarlane, 1976). The term laterite shouldbe
differentiated from the process of lateritization which is perhaps best thought of as
'desilicification' (Stephens, 1971). The process involves loss of the most weatherable
minerals including the silicates which are progressively leached, leaving the profile enriched
in iron and aluminium oxides and hydroxides. McFarlane (1976, 1983) argued that this
process did not fully explain the formation of mottled and pallid zones and that geomorphic
processes such as lowering of base levels were also required to explain the formation of
so-called fiilly developed laterite profiles. McFarlane (1983) described pisolitic and
vermiform laterites, relative and absolute accumulations of iron, and pedogenic and
groundwater laterites.
The ferricretes in the study area are considered to be absolute accumulations of
iron from extraneous sources and are morphologically most similar to the vermiform laterites
described by McFarlane except for the absence of cylindrical voids. This implies that the
concretions formed in groundwater rather than the vadose zone of a pedogenic profile.
The most likely explanation for the ferricretes is that they have formed in situ
from percolating groundwaters, rich in iron. The pallid colours of the Tertiary sedimentsare
not considered to be due to lateritization, although as Forsyth (pers. comm.) and Matthews
(1976) indicated, there are many relicts of lateritization in Tasmania. Firstly, there is no
evidence of desilication or pallid zone formation. Clay minerals in these sediments on the
University Farm include montmorillonite, illite and perhaps vermiculite, none of which
would be expected to occur in a strongly weathered pallid zone. The siderite found in the
centre of the concretions at the Native Hut Rivulet site formed in conditions conducive to
carbonate accumulation (Bear, 1964) and would have been destroyed by a lateritizing
process. The Native Hut Rivulet concretions formed in clay sediments and the layers
surrounding the siderite are fine grained, dense and hard, with few quartz grains. It is
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possible that the siderite may have been protected from leaching here in contrast to the
University Farm where the ferricretes are coarser textured and so presumably more
permeable. Any siderite has possibly been leached out leaving the interior hollow with a
little sand. The calcrete associated with the ferricrete was most likely formed during a
subsequent period when edaphic conditions were conducive to carbonate precipitation.
No profiles in the valley have been observed to include what might have been
mottled zones of relict laterite profiles. The ferricretes occur discretely, not as a duricrust
or even a disrupted duricrust, and not at a particular level in the landscape as might have
been expected were they derived from a regional laterite. This evidence is consistent with
the observations on ferricrete formation by Milnes et al (1985) and Hunt et al (1977) who
discussed the problems of the classical concepts of regional laterites associated with
peneplanation and the use of laterites as marker horizons.
The precipitation of iron is probably due to fluctuating perched watertables as
groundwater flowed from the iron-rich dolerite upslope. The ferricretes occur in a distinct
narrow band of slope on the University Farm. The iron may have been transported in the
colloidal state, as soluble Fe^^ ions, or as soluble Fe'^ organic complexes (Coventry et al,
1983). Coventry et al (1983) argued for both colloidal and Fe^"^ ion transport but Hunt et
al (1977) argued that haematite was redistributed from sedimentary beds as colloids. Further
data on the mineralogical composition of the ferricretes is required.
5.3.4.2 Silcretes
Siliceous (silcrete like) rocks occur in situ and as clasts in sediments in the Coal
Valley and on the University Farm. The occurrence of silcrete has implications for
interpretationsof the geomorphic history, palaeoclimate and groundwatermovement in the
area as well as in identifying the source of sediments.
Thin sections, microprobe analysis and X-ray photographs provide some insight
as to the origins of the siliceous material encountered. Three specimens represent the range
of material encountered. They include a siliceous clast from UF14; a dark brown, in situ,
siliceous rock from the trig station on the University Farm and a light grey in situ siliceous
rock from Campania (Grid Ref 535200 5275200).
Silcrete is a world-wide phenomenon well represented on the Australian
continent (Summerfield, 1983). It has been linked to weathering associated with periods of
lateritization (Stephens, 1971) although the genetic relationships have been re-evaluated in
more recent times (Milnes and Twidale, 1983; Langford-Smith, 1978).
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The dissolution and precipitation of silica (from opal, to chalcedony, to quartz)
is highly dynamic and affected by such factors as pH, particle size, weathering regime,
biological activity, adsorption, evaporation, salinity, clay mineral equilibria and temperature
(Wilding et al, 1977; Summerfield, 1983;MilnesandTwidale, 1983). A number of theories
and generalizations have been put forward to explain silcrete genesis, none of which is fiilly
satisfactory in explaining the range of occurrences. However, the fundamental questions
when assessing any occurrence must include the conditions and pathways by which the Si
is first mobilized and then precipitated. While these aspects could not be fully explored in
this thesis, the data available do allow some discussion of these matters.
A number of siliceous clasts and outcrops were found which were difficult to
differentiate in the field. The first investigated was a clast from site UF14. In thin section
(Plate 8) the sutured grain boundaries of a metamorphosed quartzite, typical of Palaeozoic
rocks from the west coast of Tasmania, are shown clearly. A likely source of this clast is
therefore as a dropstone weathered from Permian sediments.
Plate 8. Thin section of a siliceous Permian dropstone recovered from Profile UF14.
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The dark brown silcrete from the trig station (UF) on the University Farm is
juxtaposed to ferricrete in the form of a fragmented resistant capping overlying
unconsolidated Tertiary sediments. Thin section and microprobe analysis shows that each
quartz grain has a thin coating of ferric oxide. The voids are filled initially with banded
chalcedonic overgrowths (Plate 9) and then with microcrystalline quartz. X-ray photographs
using the Fe and Si Ka lines (Plates 10 and 11) show the distribution of these elements. The
elemental composition of the banded and microcrystalline Si in the voids, and of the Fe
coatings was determined by microprobe across a 1.0x0.7mm frame and is given in Table 6.
Table 6. Percent composition of silcretes from the University Farm and Campania
(AMG 535000 5275300).
P205 SA AI2O3 FeO TA K2O MgO
UF silcrete - (1.0x0.7nim frame)
0.24 83.75 0.84 14.52 0.66 - -
0.2 80.7 2.18 15.6 0.4 0.93 -
UF silcrete - Si in voids
- 97.47 0.48 2.06 - - -
- 99.4 - 0.6 - - -
- 97.64 1.69 0.67 - - -
- 98.79 0.42 0.79 - - -
UF silcrete - Fe coatings
1.06 3.78 1.07 93.71 - - 0.38
1.12 8.25 0.8 89.83 - - -
Campania silcrete - 1.0x0.7mm frame
- 98.8 0.84 - 0.35 - -
- 98.4 1.28 - 0.32 - -
- 98.32 1.29 - 0.39 - -
The segregation of the Fe and Si (90% Fe in the coatings to <2% in the voids)
indicates that there was a substantial change in environmental conditions. Taylor and Smith
(1975) described silcretes with alternating layers ofSi and sesquioxides. Microprobe analysis
of the ferricretes formed in the Tertiary sediments has shown tlie presence of a Jasper-like
(Fe and Si) cement. A palaeo-environmental interpretation of the silcretes is problematic,
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but Summerfield (1983) argued that the two major conditions to be met for silcrete formation
include slowly moving silica-saturated pore waters (especially for microcrystalline quartz)
and the absence of other constituents that favour the preferential formation of clays or other
complex silicates.
The Campania silcrete is dominated by Si while the trig station specimen
contains both Si and Fe in significant amounts. The low levels of other elements indicates
that there was little opportunity for the formation of alternative minerals. The movement of
pore waters would have been slowed following the formation of the chalcedonic bands in
the UP material and this may account for the subsequentprecipitation of the microcrystalline
quartz. The Fe coatings could also have acted as initial sites for the sorption of Si from
ground water (Wilding et al, 1977). The origin of the Si could be from weathered dolerite
or from the siliceous Tertiary sediments themselves. However, weathering basalt was not
considered to be the source of Si in sub-basaltic silcretes by Taylor and Smith (1975).
Plate 9. Thin section of brown silcrete from the trig station on the University Farm.
The pale-coloured, "billy-like" silcretefromCampania has no chalcedonicbands
and no Fe coatings. Composition of the silcrete indicates that the quartzitic material was
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highly weathered since repeated microprobe analyses showed that there were only trace
amounts of Fe and scattered rutile and zircon grains. The stratigraphy of the outcrop could
not be determined accurately but it appears to lie between basalt flows (ie., in quartzose
Tertiary sediments) and it is also adjacent to quartzose Triassic sandstone.
The distribution and extent of the silcrete deposits suggests that they were not
formed as part of a weathered landscape on a regional scale but rather that they reflect
localized drainage conditions. A common feature of the two occurrences (UF and Campania)
is the dominance of quartz and the absence of other silicates such as feldspars or clay
minerals, conditions apparently required for the preferential deposition of Si rather than the
formation of silicate minerals. No evidence was found to indicate an age for the deposits
apart from that of a position high in the landscape in the case of the resistant capping at the
trig station which is much higher than any of the nearby Quaternary alluvial deposits. The
silcrete is younger than the Tertiary (Eocene/Oligocene) sediments in which it must have
formed. It is therefore probable that the silcrete is Tertiary in age, although it is likely that
there may have been several episodes of silcrete formation.
5.4 Synthesis
The Proline cores, pits and transects have revealed a complex distribution of
sedentary, colluvial and alluvial stratigraphic units. Given the data presented above it is
possible to speculate on the geomorphic history of the University Farm.
The basic graben structure of Pitt Water and the valley of Duckhole Rivulet has
been determined by Jurassic and early Tertiary faulting (Leaman 1971, 1976; Gatehouse
1967; Swift, 1986). Streams have been flowing east from the Meehan Range into Pitt Water
since at least the early to mid Tertiary.
There have been other general controls on base level and landscape development
in the area including eustatic change and tectonic uplift. As discussed previously, there is
widespread evidence of previous sea levels at +20-22m (many interpreted as of Last
Interglacial age) around the coastline of Tasmania. Shakleton and Opdyke (1973) have
shown that the highest eustatic levels during the mid to late Quaternary were reached during
the Last Interglacial. On the basis of stranded beach ridges, Bowden and Colhoun (1984)
calculated average late Quaternary uplift rates for Tasmania of 0.22m/ka.
There have been at least four glacial cycles in Tasmania during the Quaternary
which have provided opportunities for vegetative and landscape instability. Wasson (1977a)
found that the instability associated with the Last Glacial was responsible for alluvial fan
Plate 10. X-ray photograph of the brown silcrete (shown in Plate 9) using Fe Ka lines.
Plate 11. X-ray photograph of the brown silcrete (shown in Plate 9) using Si Ka lines
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formation and there has been widespread aeolian activity in the south-east (Sigleo and
Colhoun 1982) during the late Pleistocene and the Holocene.
These general controls on landscape development have influenced the Coal River
Valley to different degrees. The potential for instability caused by periglacial conditions has
been limited because in rising to only 200-300m the Meehan range is below the 450m lower
level of solifluction deposits (Wasson, 1977a). However, there is a good case for instability
caused by the vegetation changes associated with these cycles.
There is limited evidence of higher sea levels at -t-20-22m in this area although
Colhoun (pers.comm.) has interpreted sand deposits at Richmond (approx. +10m) as
interglacial marine and the longitudinal profiles of terrace deposits along the Coal River
indicate the possibility of deposition during a period of higher sea level. There are no
positively identified marine fossils or relict marine landforms. Colhoun (pers. comm.)
suggested that this is not surprising because Pitt Water would have been a low energy,
shallow marine environment.
Palaeochannels of Belbin Rivulet have been effective agents in pedimenting the
Tertiary sediments which underlie the clastic deposits. The cut surface has a modal slope of
2% to the east, apparently due to lateral planation by streams since the lowest fades of the
overlying clastic deposits is invariably gravel in stream channel deposits. The most clearly
observed pediment is north of the Triassic outcrop in the Radar Road paddock where the cut
surface in Tertiary sediments is over 2km in length. Pigeon Hole Rivulet has been less
effective because of the small size of the catchment and the occurrence of more resistant
rocks such as Triassic sandstones in the Yard paddock which have limited the lateral
migration of the charmel. A resistant ferricrete and silcrete capping has protected the
normally easily erodible Tertiary sediments to the south of Pigeon Hole Rivulet. The
interfluve of Tertiary sediments on which the farm buildings are located is being subjected
to lateral corrasion by Pigeon Hole Rivulet. The northern bank is very steep, but under
existing conditions, it has been stabilized by vegetation and erosion is limited. The erosive
energy of the stream has thus been concentrated in the charmel resulting in vertical
downcutting rather than lateral corrasion.
Belbin Rivulet has also been the source of much of the clastic material on the
University Farm. The point of emergence of Belbin Rivulet from its hilly catchment has
become the locus of deposition of the Hanslow unit. This is due perhaps to a change in
gradient of the palaeo-chaimel or due to a change in its confinement. The thalweg of the
existing charmel of Belbin Rivulet has an average slope of 2.9% for 1.8km upstream from
the point of emergence and of 2.4% for 2km downstream. Whether this change in slope is
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large enough to have initiated deposition, and whether it reflects the palaeochannel, is not
known and may be of little consequence. Bull (1977) argued that the break in slope theory
is unsubstantiated and that change in hydraulic characteristics associated with change in
confinement is the cause of deposition.
The Hanslow and Radar units do not have the typical morphology of an alluvial
fan. The surface has been dissected and there are outcrops of Triassic sandstone (north of
the University Farm) which have precluded the development of the typical fan shape. The
sediments are very thin (2-3m). However, the sedimentologyof the clastic deposits has been
shown to have features in common with alluvial fans ie., debris-flow and channel fill
deposits.
Possible initiatives to sedimentation include changes in base level due to tectonic
uplift or eustatic change, and climatic change. Alluvial fans often develop across a fault line
due to differential uplift of the catchment. Leaman (1971) has mapped a fault line which is
coincident with the point of emergence of Belbin Rivulet and is a continuation of the fault
mapped by Swift (1986). There has been some late Tertiary and Quaternary faulting in
Tasmania (Banks, 1965), mostly rejuvenatingold faults. However, it is unlikely that tectonic
uplift has been a factor. Fans formed across active faults are usually of the order of lOO's
of metres thick (Bull, 1972, 1977; Heward, 1978) and the present deposits are only 2-3m
thick.
Similarly, eustatic change is unlikely to have affected base level at these
elevations and slopes to the degree needed to initiate deposition. However, high sea levels
could have influenced sedimentation towards the distal ends of the fans during interglacials.
The Hanslow and Radar units have been interpreted as being of different ages
based on the integrity (Radar unit is more dissected) and grading of the surfaces, and the
degree of weathering and nature of the clastic deposits. The pedological and weathering
differences between the two deposits suggest that they are of significantly different age. If
we accept the rates of uplift postulated by Bowden and Colhoun (1984), and if the units are
of significantly different age, then the surface of each unit should grade to a different level.
However, there is only a tenuous difference of about Im in the height of the pediment
surfaces and a comparison of the surfaces of the clastic deposits is problematic because of
dissection of the Radar surface. The Radar unit has been extensively cliffed by the sea since
the early Holocene rise in sea level but the Hanslow unit grades to about existing sea level.
These observations suggest that sea level was not a factor in determining base level. The
most likely explanation is that both the units were deposited during low sea levels when the
Pitt Water graben was a floodplain of the Coal River. The cliffed sections of the Radar unit
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are considered to indicate that it extended farther to the east and that the Hanslow unit was
deposited within a dissected landscape of Radar sediments. Apart from the unverified
observation by Colhoun of marine deposits at Richmond, none of the sediments that have
been cliffed either on the western or eastern side of Pitt Water, are of marine origin.
The sedimentary characteristics of the Hanslow and Radar units suggest different
environments of deposition. Before a valid comparison of the sediments of the two units can
be made, some account of the distance of each section from the source area must be made.
For example, particle size and proportion of debris-flows can be expected to decrease with
distance from the source. The Radar pit (UP 14) is located towards the distal end of the
deposit while the Hanslow pit (UF12) is located around the middle to distal end of that unit,
based on the distance to the middle of Pitt water which must have been the limit of the fans
development. However, "down fan" trends do not account for the differences between the
two sections. UF29 in the Hanslow unit and UF13 in the Radar unit are a similar distance
from the emergence of Belbin Rivulet. UF29 has similar coarse grade sediments to those
found in the Hanslow pit further up the fan, while the sediments found in UF13 are fine
grade and similar to those found in the Radar pit.
A fining-upward sequence in an alluvial fan, similar to that in the Radar section,
might be ascribed to decreased relief in the catchment, reduction in depositional gradient,
source area retreat or fan aggradation, while a coarsening-upward sequence, such as that in
the Hanslow unit, might be ascribed to fan progradation, basin subsidence or increased rate
of tectonic uplift. None of these explanations seems reasonable in the case of these deposits
because of their thinness and relatively small quantities of sediment involved.
The most likely catalyst of erosion and sedimentation in the present case is
considered to have been climatic change. Wasson (1975, 1977a) has argued at length that
conditions during the Last Glacial destabilized slopes and produced large quantities of
sediment. Although this argument carries less weight in the study area due to the low relief,
the occurrence of stratified slope deposits to 140m ASL (Wasson, 1977a), the low altitude
periglacial features observed by Colhoun (1975) and the vegetative changes discussed by
MacPhail (1979), Colhoun (1977a) and Sigleo (1979) all support a conclusion that slope
instability and mobilization of debris has occurred.
The coarse texture of the sediments in the Hanslow unit when compared to the
Radar unit suggest that it was deposited during a period of marked instability. An
understanding of the processes which differentially produce Jurassic doleritic and Permian
mudstone clasts may provide a valuable insight into the conditions prevailing in the
catchments at the time of sedimentation. A study of the wash load (suspension + bed load)
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of three catchments south of Hobart (Olive, 1973) showed significant relationships between
erosion rate, lithology and vegetation. The rates were higher from catchments comprised
predominantlyof mudstone (Permian) and sandstone(Triassic) than from dolerite (Jurassic)
catchments, but the mechanisms were not investigated.
Unfortunately, there are no absolutedates available from any of the stratigraphic
units identified due to a lack of dateable material. No vegetative material was observed in
any of the deposits. This may reflect an absence of trees in the landscape at the time of
instability which would be consistent with a chenopod-steppe or herbfieldvegetation, likely
at these altitudes during glacial periods. The general lack of charcoal in all but the floodplain
deposits suggests deposition prior to the advent of aboriginal man. Calcrete from the
Hanslow unit could have been used but given the poor reliability of dates from pedogenic
carbonate (Bowler and Polach, 1971) and that there were no other comparable dates, it was
decided to rely on relative dating methods.
In summary then, the stratigraphic units identified on the University Farm and
listed in proposed increasing age include
• Holocene aeolian sand
• Holocene floodplain deposits of Belbin Rivulet and Pigeon Hole Rivulet
• Thistle unit
• colluvium from Triassic sandstone
• Near Dam and Hanslow units
• Radar Road and Wattle units
• Radar and Roberts units
• Tertiary sediments
• Jurassic dolerite
• Triassic sandstone.
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CHAPTER 6
SAND INFILLS
Sand infills have been found in several soils and geomorphic units in the Coal
River Valley and on the University Farm. Their occurrence makes them a useful time-
stratigraphic marker. They have not been widely described in the pedological literature
(Chartres and Costin, 1981) but similar phenomena have been reported in the geological
(Allen, 1982) and periglacial (Washburn, 1979) literature. In Australia, Stapledon (1970)
has described infills in Tertiary sediments in the Adelaide area and Chartres and Costin
(1981) have described infills in alluvium in southern New South Wales. Holmes and
Stace (1968) ascribed sand washed into cracks between columns as the cause for the
domed structure in a solodized solonetz.
In order to establish the geomorphic and pedological significance of infills, three
questions need to be addressed:
a) the origin of the soil cracks
b) the source of the infill material
and c) the method of infilling.
6.1 Description of the infills
Sand infills were often encountered in sites dug with the Proline or hand auger
but although their presence could be confirmed due to the heterogeneous mixture of
materials, there was little evidence of the spatial relationships of the materials, even in
Proline cores. The pit dug in the Radar unit provided the best available description
although it also presented some problems. The clay in the pit is dispersive and plastic
and remained moist below a depth of about 60cm before exposure, even after prolonged
dry hot weather. Attempts to expose substantial cross-sections of the infills in plan view
were thwarted when the backhoe smeared the surface of the clay which then dried out to
a rigid consistence. However, large excavated clods provided satisfactory material for
description.
The infills are shown in section in Fig. 14. They are first apparent at a depth of
50-60cm but are best preserved from 1.0-1.4m depth. Infills in the upper B2 horizon
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may have been destroyed by pedological processes such as bioturbation or soil movement
associated with wetting/drying cycles.
The infills were not observed below 1.4m depth in the pit and this coincides with
the boundary between the gravelly clay debris-flow deposits above and the poorly sorted
sands and gravels below. There is one exception to this, a single infill which continues to
2.2m depth and may be the result of different processes from those responsible for the
more common major infillings. At some sites in the Coal River Valley, infills were
observed to be 2cm thick at depths of over 2.0m in sandy clays (eg. site CR301).
The infills occur in vertical sheets surrounding what appear to be continuations of
the cracks (planar voids) separating the columns in the upper B2 horizons. There is also
some minimal lateral sand movement into horizontal cracks in the columns. The infills
reach a maximum thickness of 3-4cm but most appear to be about 2cm.
Fig. 15 and Plate 12 show sand infills in plan view in a specimen taken from
about 120cm depth. At this depth, the differences between the infill and the enclosed
gravelly clay prism are very obvious due to the association of such heterogeneous
materials, but higher in the profile the infills are less obvious when juxtaposed to gravel
free, yellow-brown sandy clay.
The size of the polygons surrounded by the infills varied. Fig. 15 is drawn at a
scale of 1:1.4 and the gravelly clay polygons varied from roughly 10x10cm to 10x3cm
although some smaller (2x4cm) and larger (20x30cm) were observed. In u.m.a. 89 in the
Coal River Valley (Holz, 1987) a dam had been excavated in Tertiary sandy clays. There
were infills exposed which were surrounding polygons of 20-30cm diameter which
appeared to be about the modal size at this site. At site CR221, four Proline cores were
drilled adjacent to one another. One core intersected infills 3cm thick and the other three
intersected only weakly developed infills or none. The significance of this observation is
that more than one auger site might be required to establish the presence/absence of
infills, even where they are well developed.
The colour of the infills varies with depth and in some cases transversely across
the infill. In the Radar pit, above approx. Im, the infills are mainly yellowish brown to
bright yellowish brown (10YR5/6, 6/6) and may have a few grey mottles. Below Im to
about 1.4m, the colours include dull yellow-orange (10YR6/4) and light grey (2.5Y7/1)
or greyish yellow (2.5Y6/2) with few red (10R4/8) mottles. The infill which continues to
2.2m is grey (N6/1). In profile CR301, yellowish brown infills occur to 2.0m depth. An
infill observed in CR221 at about 50cm depth had 2-3mm of dull yellowish brown
(10YR4/3) sand adjacent to the brown (7.5YR4/3) clay polygon, then approx. lOmm of
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greyish yellow brown sand (10YR5/2) with bleached grains in the centre. At no site was
there an indurated layer as described by Chartres and Costin (1981).
Plate 12. Cross-section of sand infills from 100-140cm depth in Profile UF14,
Radar unit. Note vertically orientated and poorly sorted Permian clasts in
the grey clay matrix.
The grey infill extending to 2.2m depth in the Radar pit is shown in Plate 13
over a depth interval of 1.7-2m. It is 2cm thick and has a dull yellowish brown
(10YR5/4) 2mm wide medial line. When disturbed the infill breaks neatly along this line.
The opposing surfaces have a thin layer, 1-2 grains thick, of bleached sand grains.
Bleached grains were also observed and collected from infills higher in the section.
The field texture of the infills varied from clayey sands (sticky when wet) and
sandy loams to light sandy clay loams and sandy clay loams although sandy loams were
most common. Particle size analysis showed some infill material from the Radar pit at a
depth of 1.0-1.2m had 22.5% clay while the adjacent clay matrix had 42.1% clay. The
variability in clay content is most probablydue to clay illuviation. The infills were
almost always uniformly sandy but rarely a few small 2-5mm rounded clasts were
observed (eg., in CR301 below 145cm and in UF14 in the 170-180cm depth interval).
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Plate 13. Vertically orientated sand infill (pale grey enclosing light brown)
extending from 170 to 200cm depth in the Radar unit exposure shown in
Plate 3.
The infills are massive, there being no evidence of pedality at any site. The clay
mineralogy of the infills from UF14 includes small to moderate amounts of kaolinite with
traces of degraded illite and montmorillonite. The adjacent clay material has large
amounts of kaolinite, small amounts of degraded illite and traces of montmorillonite. The
CEC (Tucker,1985) of the infills is 66mmor/kg soil compared to 175mmor/kg for the
clay although the balance of the cations is similar in both samples.
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Figure 14. Sand infills from the Radar unit shown in vertical section.
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Figure 15. Sand infills from 100-140cm in the Radar unit shown
m cross-section.
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6.2 Occurrence and stratigraphic significance
Sand infills occur in a number of soils on the University Farm and in the Coal
River Valley in a manner which provides an opportunity for correlation between the two
areas.
On the University Farm, infills occur in the Radar unit, in sedentary soils on
Triassic sandstone, in colluvium from Triassic sandstone (UFIO), on some soils on
Tertiary sediments and perhaps also in the Roberts unit. They have not been found in the
Hanslow unit. Wattle unit, Holocene alluvium or in any of the cracking clay soils.
In the Coal River Valley, infills occur in the soils on pediments and high terraces
and in some soils on Tertiary sediments. They have not been found in the soils on the
modern alluvial plains, floodplains and low terraces, or in any cracking clay soils.
The absence of sand infills from the cracking clays can be explained by the sand
being incorporated into the clay by shrink/swell movements. At site CR219 the soil has
formed above a basalt pediment which, stratigraphically, might have been expected to
have infills. A qualitative assessment showed there to be considerable quantities of quartz
sand at 70cm depth. The quartz surface textures revealed using scanning electron
microscopy indicate that the quartz grains have been transported prior to such
incorporation (see Plate 15; xLii and xLiii). Loveday (1957) recognized high fine quartz
sand contents at depth in basaltic soils near Sorell, 10km to the southeast of CR219.
An occurrence of a modern sand infill was found adjacent to the shoreline near
Lands End opposite the University Farm on the north-western end of Pitt Water which
may provide some insight to their mode of formation. The shoreline was being truncated
by Pitt Water and cracks were appearing in the exposed section as the soil dried. The
area is also subject to current aeolian activity as the coversands fringing Pitt Water are
reworked. Plate 14 shows a deposit of sand which has accumulated at the base of an
exposed crack in the clay. Laminae are visible in the fine sand.
If the infills relate to a discrete period of time and are pedogenic in origin, then
they would separate soils that existed at the time of the event fi-om those that have
developed or been exposed subsequently.
The chronology indicated by the infills is supported by the stratigraphic evidence.
The most obvious time-stratigraphic break is that separating the Hanslow and the Radar
units on the University Farm. Infills occur in the Radar unit, and perhaps under but not
in, the Hanslow unit. Thus any undissected clastic deposits older than the Hanslow unit,
might be expected to have infills while those coeval or younger may be expected to have
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none. The soils above Triassic and Tertiary sediments could be expected to have infills if
the profiles have not been disturbed or truncated.
Plate 14.
1.
__ 4
A modern sand infill accumulating at the base of a crack in a section of
Quaternary deposits exposed near Lands End on the north-western shore
of Pitt Water.
In the case of soils formed from Tertiary sediments, the upper profiles have been
modified by downslope alluvial/colluvial processes since the time of infilling, perhaps in
a maimer similar to that proposed by Green (1966) to explain depth functions of several
minerals in the sand fraction of a red-brown earth in North Queensland. Infills occur at
depth at sites UP15 and CR302, below the level where the presence of ferricrete
fragments indicate that deposition and soil mixing has occurred. Soils developed from
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Tertiary sediments exposed by incision of the Hanslow unit do not have infills ie., soils
on the slopes of the incisions.
6.3 Possible modes of formation
6.3.1 Causes of cracking
"Shrinkage cracks are incompletely to completely connected polygonal fractures
that form perpendicular to the surface of a layer undergoing volume reduction as the
result of cooling, dewatering, or a change in mineralogical composition", Allen (1982).
Allen further classified crack morphology as complete/incomplete, random/orientated,
and nonorthogonal/orthogonal and also differentiated between simple/compound and
bridged/unabridged crack infills.
Chartres and Costin (1981) discussed possible causes of cracking to include tree
root penetration, uneven settling and compaction of underlying sediments, and shrinkage
due to desiccation and frost-induced cracking. Other possibilities include cracking due to
tectonic activity, mass movement and slumping (Heron et al, 1971) or synaeresis (Allen,
1982; Stapledon, 1970).
Most of these phenomena may be dismissed as causal agents for the cracks in the
study area for obvious reasons. For example, uneven settling and compaction is unlikely
where infills occur in shallow soils above hard rock; tectonic activity and slumping
effects because of their morphology and location in the landscape; and synaeresis because
of the morphology of the cracks and the nature of the cracked material. Tree root
penetration cannot be the cause of the most common type of infills due to their polygonal
shape in plan, but may be a possible explanation for the single deep infill observed in the
Radar pit. Thus the two most likely causes of cracking amongst those identified are
frost-induced cracking, desiccation cracking, or a combination of the two. This is
significant given the climatic implications, particularly of frost-induced cracking at this
latitude and altitude.
The difficulty of distinguishing between thermal contraction and desiccation
cracking has been recognized by several authors (Washburn, 1979; Allen, 1982; Black,
1976; Johnsson, 1959). Features such as wedges, cracks and infills close to known or
proposed former periglacial and permafrost limits have been interpreted, often
incorrectly, as due to thermal contraction. Costin (1955) commented on the similarity
between gilgai due to drying and wetting cycles and microrelief due to frost action in
soils. Washburn (1979) concluded that in general, well developed non-sorted polygons of
Im or less in diameter were due to desiccation. Romanovskij (in Washburn, 1979),
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concluded that desiccation and frost cracking may work together to increase the width
and depth of cracks.
Frost cracking requires a rapid drop in temperature under conditions where there
is little insulating snow cover (Washburn, 1979; Dylik and Maarleveld, 1967).
Conclusions about frost cracking based only on mean annual temperatures may be
erroneous, (except in so far as values near 0°C indicate the possibility of cracking),
because it is the rate of cooling which is the determining factor (Benedict, 1970; Black,
1976).
Frost cracking has been observed in New Hampshire (Washburn et al, 1963)
where the mean annual temperature is 6.6°C, mean winter temperature (January) is
-8.1°C, and mean summer temperature (July) is 20.3°C. In December, 1959, frost
cracks formed under 13cm of snow cover when the mean air temperature was -15.3 °C.
The ground froze to 1.4-2.Cm.
There is some limited evidence for soil freezing at low elevation in Tasmania.
Colhoun (1977c) described wedge structures in fan gravels at Rocky Cape which he
ascribed to seasonal freezing after earlier identifying cryoturbation-like structures at
Bicheno (east coast) and Strahan (west coast) as being due to deep seasonal soil freezing
(Colhoun, 1975).
The Coal River Valley has experienced dry, cold palaeoclimates. Estimates of
armual temperature depressions during glacials in Tasmania of 6.5-7.0°C (Colhoun,
1985a) together with katabatic winds blowing down the valley from an ice-covered
central plateau, perhaps for weeks on end (Nunez, pers.comm.) could have provided
conditions where thermal contraction may have occurred. If the modern steep
precipitation gradient from west to east also existed during glacial climates it would have
acted to reinforce the chilling affect of the wind because of low snowfalls.
The morphology of the cracks is broadly consistent with the seven criteria listed
by Dylik and Maarleveld (1967) as indicative of frost cracking. However, the
morphology of the cracks observed by Washburn et al (1963) or described by Benedict
(1970) are dissimilar to the crack patterns observed in the study area. The descriptions
and photographs presented in the paper (although somewhat inadequate for a comparison)
show the patterns to have different shapes, dimensions and subsurface features.
In the Coal River Valley, a relatively short time frame for the ground freezing is
indicated because no other features have been described in the valley, or surrounding
area at a similar altitude, which could be attributed to the effects of freezing. Cold
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conditions severe enough to cause the intensity of cracking observed should have left
other evidence such as patterned ground, sorting, solifluction deposits etc.
Whether thermal contraction is a causal factor or not, the uniformity and
characteristics of the sand infills suggest an aeolian origin and thus cracking under dry
conditions. Infills formed under moist, cold conditions would most probably be
heterogeneous with organic matter and sand.
The evidence appears to support desiccation as the primary cause of cracking.
The polygon size is more consistentwith desiccationthan with freezing and the infills
(with one exception to be discussed) occur only in clayey material. As will be shown,
other evidence also suggests that the uniform sand infills are most likely of aeolian
origin, which indicates dry conditions during their formation.
However, the clay percentages of the cracked soils range from 22-53%, and the
clay mineralogy indicates that these soils (currently) have a limited potential for
shrink/swell. The dominant clay mineral is kaolinite, with smaller amounts of illite and
degraded illite or vermiculite. Despite this, some weak cracking was observed in the
Radar pit following excavation.
The evidence presented above supports fully neither frost cracking nor
desiccation cracking as being solely responsible for the cracking that has occurred. The
size of the polygons and severity of the conditions required to produce the intensity of
cracking are inconsistent with frost cracking, while the clay percentages, clay mineralogy
and depth of the cracks are not fully consistent with desiccation cracking.
The most likely explanation may involve both processes complementing one
another as reported by Washburn (1979). The grading of the infills (sand) suggests that
conditions were dry at the time of infilling. When this is considered together with the
small diameter of the polygons it seems most likely that desiccation was the primary
cause of cracking. Soil freezing may have acted to deepen the primary cracks. These
processes are what might be expected during a glacial period, that is when cold, dry
conditions prevailed.
The deep crack observed in the Radar pit is not fiilly explained by this
hypothesis. Frost cracking might account for the cracking through the gravelly material
but not the zigzag conformation at about 170cm. Such a pattern is more consistent with
development of a tree root, although the pathway of a tree root would be expected to be
more cylindrical in plan view than planar, and the crack is at least 10cm along its longest
horizontal axis. The question remains unresolved but given the shape and that this was a
single observation, a tree root seems the most likely agent.
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6.3.2 Source of the infill material
Three possible sources of infill material and modes of deposition were
considered:
a) illuviation of sand from the overlying horizons
b) infilling of fluvial sand
and c) infilling of aeolian sand.
During the early stages of the investigation of the infills, the only specimens
available were small amounts taken from Proline cores on the University Farm. Thus a
method of analysis was required which used only small quantities of material but which
might indicate the processes operating. The examination of quartz grain surface textures
under a scaiming electron microscope appeared to be an appropriate technique. It is a
refined development of previous techniques based on grain shape and "frosted" surfaces
eg. Loveday (1957). This also provided an opportunity to evaluate quartz grain
morphoscopy as a tool in pedological research, for which it seems potentially very
useful. Later, it became possible to collect larger quantities of infill material and support
the quartz grain morphoscopy with detailed particle size analysis (at 0.50 intervals).
The approach taken with both quartz grain morphoscopy and particle size
analysis was to sample known depositional environments in the area for which
characteristic quartz surface textures (environmental signatures) and particle size statistics
could be established. Once the environmental signatures and particle size distributions of
specimens from known depositional environments were established, the results could be
used to extrapolate to specimens of unknown origin.
6.4 Particle size analysis
Sedimentary petrographers have used granulometric analysis extensively to
discriminate amongst depositional environments. A variety of techniques has been used to
extract information from the basic data: the percent weight of each size fraction, often at
0.50 or even 0.250 intervals.
Statistical measures of mean grain size, sorting, skewness and kurtosis were
developed by Inman (1952), Folk and Ward (1957) and Friedman (1961). Plots of mean
vs sorting vs skewness vs kurtosis have been shown to differentiate depositional
environments. Pye (1982) was able to differentiate parabolic from foredune sands on
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Hinchinbrook Island (North Queensland) using plots of mean vs sorting, skewness and
kurtosis. The central moment method is considered the most accurate of the statistical
measures but the method of computation is of little consequence when the values are
plotted against each other (Isphording, 1972). Sieve intervals of at least 0.5<^ or smaller
should be used (Isphording, 1972; Folk, 1966).
Plots of phi interval against cumulative percent or frequency are often used to
present grain size distributions but are difficult to interpret, compare and use for
environmental discrimination. The limitation of these techniques lies in the weighting of
the tails which are numerically small but environmentally sensitive; "sorting variations
between environments are expressed mostly in the tails" (Folk, 1966). Bagnold (1941)
recognized these limitations and used various transformations in order to weight the tails.
Visher (1969) found that plots of cumulative percent against phi interval on log
probability paper produced straight line segments which he identified as subpopulations
of grain sizes in the sediment related to the sedimentary processes of surface creep
(traction), saltation and suspension. He showed that plots from specimens from various
depositional environments had characteristic shapes which were dependent upon
provenance, sedimentary processes and sedimentary dynamics.
Ahlbrandt (1979) analysed a large number of specimens from sand deposits from
around the world. He found that there were large textural contrasts amongst specimens,
even amongst those from different positions on the same dune. In addition to textural
parameters, permeability and porosity were important indicators. He concluded that
skewness and kurtosis values in aeolian deposits were highly variable and not diagnostic.
Another approach to analysing grain size distributions is to compare distributions
directly in order to gauge the degree of similarity. Wasson (1977b) used the
Kolgomorov-Smirnov test on alluvial fan sediments. He used n= 100 invalidly in order to
establish the significance of the test statistic though he could have used it as an index. In
any case, the test is of limited value because it compares the difference between the
modes, and the tails are not taken into account. Langohr et al (1976) developed a more
meaningful technique for comparing grain size distributions. The CPSD (comparative
particle size distribution) index is calculated by summing the minimum values of the two
distributions compared in each size class. Although the tails do contribute to the final
value of the index, again, the modal size classes provide the greatest contribution. The
index has been used to establish the uniformity of soil parent material (Langohr and van
Vliet, 1979; Chittleborough, Walker and Oades, 1984b) where values > 94 indicate
identical grain size distributions and values > 85 indicate a high degree of similarity.
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In this study, the particle size distributions were determined on the -l<^+5(^
fractions at 0.5<^ intervals. The sand fractions were chosen because they are more likely
to maintain their integrity post deposition, than the finer grain sizes and so should more
accurately reflect depositional processes (Langohr et al, 1976; Chittleborough, Walker
and Oades, 1984b). Pedogenesis may alter particle size distribution by the formation of
clay, translocation of fines and the formation of segregations of Fe.
The data have been analysed in three ways:
a) measures of mean, sorting, skewness and kurtosis were calculated
using the Folk and Ward statistics,
b) plots of cumulative percentage against phi interval were made on
log-probability paper,
and c) the CPSD index was calculated to compare pairs of specimens.
6.4.1 Description of specimens
Known aeolian deposits in the Coal and Derwent Valleys were sampled
in order to establish a range in characteristics of aeolian material. Sediments of known
fluvial origin were also sampled along with Tertiary and Triassic sediments which are the
major sources of sand in the area.
6.4.1.1 Aeolian Specimens
Aeolian specimens included:
(i) The A horizon of a podzol (UFl) developed on a small aeolian deposit on the
University Farm (AMG 535575 5262475)
(ii) The B and C horizons of a minimal/rudimentary podzol developed on the
Malcolm's Hut dune (MHB,MHC), a large aeolian deposit in the Duckhole
Rivulet catchment (AMG 533600 5264880)
(iii) the C horizon of the soil on the Bridgewater sandsheet (Brid) in the Derwent
Valley (AMG517500 5268500), described by Sigleo (1979)
(iv) the C horizon of a soil formed in a "loess like" deposit in the Derwent
Valley on the Bushy Park Road near Gretna (Gret)
(v) from the C horizons (Ricd, CR14) and from the clay bands (Riccl) in the
dunefield near Richmond in the Coal River Valley (AMG 536325 5268550)
(vi) the Penrise specimen (Pen) from an aeolian deposit of siliceous sand on the
side of a basalt hill south of the Brown Mountain Road in the Coal River Valley
(AMG 536700 5278900).
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It is clear from the range in grain size characteristics and stratigraphic position of
the specimens that there have been a number of aeolian episodes in south-eastern
Tasmania. Sigleo (1979) began the potentially fruitful task of correlating these deposits
but there is still more information to be gleaned.
The mean grain size of these specimens ranges from 1.95-1.970 in the
Malcolm's Hut dune to 2.7-2.770 in the Penrise and Gretna deposits. The mean grain
sizes of the remaining specimens are 2.2-2.30, sizes which are commonly found in
aeolian deposits (Bagnold, 1941, p6). The differences in mean grain size may reflect
either differences in wind strength or in provenance. Since the source of sand has
remained the same ie. predominantly Tertiary or Triassic sediments, the grain sizes
probably reflect differences in depositional processes. These might, for example, include
coarser sand deposited in braided charmels as compared to the finer sands deposited on
floodplains by overbank stream flow.
Sorting statistics for the aeolian deposits range from 0.46-0.72 with most from
0.6-0.65. As will be seen, there is only marginally poorer sorting of specimens from
other depositional environments in the area and this probably reflects the degree of
sorting in the local Triassic and Tertiary sediments, the principal sources of sand.
The log-probability plots shown in Fig. 16 have characteristically steep gradients
and with the exception of the Penrise specimen have no coarse tail. Using the approach
of Visher (1969) there is a very small traction populationof sand grains (<0.5% coarser
than 00) and only a small suspensionpopulation of 1-2%. Each curve has a break in
slope at 30, and this may reflect either a second saltationpopulation or an incorrect
sizing of that sieve (Folk, 1966). However, the break does not occur in all the specimens
analysed eg.,CR301 infills, and so it probably reflects a slight but real reduction in the
sand grains available in the < 0.1mm size range.
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Table 7. CPSD indices for the aeolian specimens
UFl MHB MHC Brid Gret Pen Riccl
MHB 79.93
MHC 80.46 87.09
Brid 96.45 78.56 78.15
Gret 65.91 52.43 47.21 69.06
Pen 69.61 56.22 50.77 72.45 94.64
Riccl 95.7 81.8 81.1 95.8 65.6 69.3
Ricd 93.1 85 80.9 93.5 65.1 68.8 96.4
The CPSD indices given in Table 7 above reflect considerable differences
among the aeolian specimens and especially differentiate the finer Gretna and Penrise
deposits from the coarser Malcolm's Hut and Richmond dune deposits. Specimens which
might have been expected to show a high degree of similarity such as the Malcolm's Hut
and Richmond dunes and the Malcolm's Hut and UFl specimens surprisingly show only
moderate similarity. However, examination of the percentage data shows that the
differences occur in the modal size groups but the "tails" and size distributions are
similar.
6.4.1.2 Triassic and Tertiary specimens
Three specimens were collected on the University Farm in order to
characterize the particle size distribution of the major geological units contributing sand
to the erosional/depositional system. The textures of these specimens were considered
typical of these sediments in the area.
The specimens were:
(i) decomposing Triassic sandstone from the C horizon at site UF9. (AMG
534550 5261775)
(ii) unconsolidated Tertiary sediment at site UF19 (AMG 534750 5261125)
(ill) Tertiary sand from below the stratigraphic discontinuity at site UF12
which was considered typical of the finer sands (AMG 535150 5262250).
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The mean grain sizes range from 2.3-2.60 and sorting from 0.5-0.8. These
characteristics are reflected in many of the Quaternary deposits, both aeolian and fluvial
in origin. The log probability plots shown in Fig. 17 are not dissimilar to those of the
aeolian specimens but do have a coarse tail. The CPSD index for these specimens is
given in Table 8.
Table 8. CPSD indices for the Triassic and Tertiary specimens
UF9 UF12
UF12 79.03
UF19 96.11 78.09
There is a high degree of similarity between the Triassic and coarser Tertiary
specimens but the finer sand from UF12 is only moderately similar.
6.4.1.3 Alluvial specimens
Specimens from alluvial deposits included:
(i) material from within the columns at site UF14 at depths of 25-35cm and
60-70cm (UF14-25, UF14-60)
(ii) material from 60-70cm depth at site CR6 which is on a levee beside the
Coal River (AMG 535875 5269125) (CR6). The profile is sandy throughout
and an exposure on the bank of the river shows this material (the lower part
of which contains gravel) to be overlying Tertiary basalt.
(iii) material from 40-50cm depth at site CR7 (AMG 535550 5269700) which
occurs in a similar landscape position to CR6 (CR7).
(iv) material from Im depth at site CR217 (AMG 536625 5271325) which is
on a low terrace of the Coal River (CR217). The deposit is from a prior
channel of the Coal River.
Thus the alluvial specimens represent a variety of depositional environments
from sandy clays deposited by overbank stream flow, sands on levees and sands in prior
stream channels.
The mean grain size ranged from 1.40 for the coarser sands of CR217 to
2.90 for the levee sands of CR7. The remaining specimens were close to 2.30 which is
the most common size range in the valley and similar to that in the Triassic and Tertiary
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specimens. The sorting ranged from 0.6-0.8 indicating that the alluvial specimens are
slightly less well sorted than the aeolian specimens. The log probability plots (Fig. 18)
show some variability with the CR217 specimen being dissimilar to the other alluvial
specimens which as indicated above are not dissimilar to the Triassic and Tertiary
samples. The CPSD indices for the alluvial specimens are given in Table 9.
Table 9. CPSD indices for the alluvial specimens
UF14-25 UF14-60 CR6 CR7
UF14-60 95.99
CR6 93.32 92.69
CR7 68.11 65.37 65.25
CR217 40.46 41.59 44.79 22.58
The index shows the coarse sand specimen ftom CR217 to be
dissimilar to all the other specimens. Also, to a lesser degree is the specimen from CR7
which is composed of relatively finer sand.
6.4.1.4 Infill specimens
Five infill specimens from two sites were sieved including three from site
UF14 at depths of 105cm, approx.130cm and 175cmand two from site CR301 (AMG
235250 5271500) at depths of 145 and 165cm.
The mean grain size of the infill specimens is 2.2-2.40 and the sorting values
are about 0.7. The log probability plots shown in Fig. 19 have steep curves but there is a
small, coarse tail. The CPSD indices of the infills given in Table 10 show a high degree
of similarity even between the University Farm and Coal River specimens. This suggests
that all specimens from both areas were developed under similar conditions.
Table 10. CPSD indices for the infill specimens
UF14-105 UF14-130 UF14-175 CR301-145
UF14-130 96.11
UF14-175 98.33 96.55
CR301-145 93.12 89.72 91.66
CR301-165 92.73 87.37 91.26 98.71
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6.4.2 Comparison of infills with other materials
The analyses of particle size distributions indicate that sand fractions from
all of the selected depositional environments are somewhat similar. Most of the
specimens have a mean grain size of about 2.3<f) with the exceptions being that from site
CR217 (1.4(/i), the Malcolm's Hut dune specimens (2.0<^), the finer aeolian specimens
(Penrise and Gretna 2.80) and the finer Tertiary and alluvial specimens (2.6-3.10). The
relative uniformity of the sand fraction in the source rocks of the Quaternary sediments
may have reduced the value of the analyses based on 0 distributions but there is still
some discrimination of the various depositional environments.
Some plots of Folk and Ward (1957) statistics are shown in Figure 20.
Inspection of the plots shows that the depositional environments tend to form loose
groups. The most useful plots are mean vs sorting and kurtosis vs sorting though all the
plots show grouping to some degree. The aeolian specimens tend to form discrete groups
separate from the Triassic/Tertiary and alluvial specimens. Unfortunately, the groups are
not tight enough to allow confident prediction of the depositional environment of an
unknown specimen. However, the statistics of the infill specimens are most similar to
those of the aeolian specimens.
The log probability plots also discriminate among the depositional
environments to some degree. Plots of the coarser and finer aeolian specimens, (CR217
and UF12) have distinctive curves. The curves of the remaining specimens tend to be
similar with the differences due to the presence/absence of a coarse tail. The aeolian
specimens do not have a coarse tail, there often being little or no sand in the -1-00 size
fractions. The infill specimens are similar to the aeolian except for a slight coarse tail.
However, the presence of this coarse material does not preclude their being aeolian in
origin because some coarse material might be expected to have fallen down cracks on the
soil surface either as part of the traction population or as material breaks off the walls of
the cracks.
The CPSD indices for the aeolian and alluvial specimens (Table 11) show
generally low to moderate but highly variable similarities. The indices for the infills
when compared to the Tertiary/Triassic, alluvial and aeolian specimens (Table 12) are
similarly highly variable. There is, for example, a high degree of similarity between the
infills and the UF9 (Triassic) and UF19 (Tertiary) specimens. The degree of similarity
with the aeolian specimens varies mainly according to the mean grain size ie., those with
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a mean grain size of about 2.30 are most similar to the infill specimens which also have
a mean grain size of about 2.30. Thus, use of the CPSD index in this way has provided
equivocal evidence as to the depositional environment of the infills.
Table 11. CPSD indices for aeolian and alluvial specimens
UF14-25 UF14-60 CR6 CR7 CR217
UFl 86 89.21 87.6 56.63 41.98
MHB 73.45 74.49 77.92 43.15 55
MHC 67.12 70.33 71.75 37.93 46.76
Brid 88.1 91.07 89.82 59.77 40.62
Gret 77.39 74.65 74.53 83.5 23.99
Pen 79.47 77.19 77.08 80.76 26.91
Riccl 86 89.3 90.65 56.35 44.6
Ricd 85.8 88.9 90.53 55.79 46.5
CR14 87.83 91.04 91.31 58.18 43.16
Table 12. CPSD indices for infill and aeolian, Tertiary/Triassic and alluvial specimens.
Aeolian
UF14-105 UF14-130 UF14-175 UF301-45 UF301-165
UFl 91.01 94.54 91.94 84.4 84.13
MHB 73.39 74.98 74.48 70.94 70.11
MHC 72.13 75.26 73.08 65.52 65.24
Brid 93.28 94.23 93.77 86.86 86.58
Gret 74.19 70.95 72.72 79.8 81.08
Pen 78.12 74.8 76.65 83.21 84.02
Riccl 90.8 92.6 91.7 84.4 84.2
Ricd 88.1 89.6 89 84.4 83.7
CR14 92.01 94.27 92.86 86.23 85.95
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Table 12 cont
Tertiary/ Triassic
UF9 94.96 93.41 93.54 95.11 94.57
UF12 79.45 76.21 77.98 82.11 82.25
UF19 92.86 91.22 91.45 95.62 95.2
Alluvial
UF14-25 91.39 90.09 90.05 93.85 93.7
UF14-60 94.79 93.67 93.8 93.12 92.98
CR6 89.01 89.21 88.63 89.46 89.74
CR7 62.31 60.88 60.82 67.34 68.3
CR217 40.15 41.46 41.39 37.58 36.53
The three techniques used have provided only equivocal evidence for the
depositional environment and there are some inconsistencies between the techniques, eg.,
the UF14 matrix and infill specimens show a high degree of similarity using the CPSD
index but fall into separate groups using the Folk and Ward (1957) statistics. Despite
this, data from each of the techniques suggest that the infill specimens are most similar to
the aeolian specimens and least similar to the alluvial specimens.
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Figure 16. Probability plots for the sand
fractions of the aeolian specimens
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Figure 17. Probability plots of the sand
fractions of the Triassic and Tertiary specimens
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Figure 18. Probability plots for the sand
fractions of the alluvial specimens
Phi units
CR217
UF14/60-70
UF14/25cm
CR7 40-50
CR6 60-70
107
99.99
sz
OJ
0
>
u
E
=j
O
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6.5 Quartz grain morphoscopy
6.5.1 Review of the method
The use of electron microscopy in the study of quartz grain surface textures
as indicators of the environment of deposition of sediments began in the early 1960's
with papers by Biederman (1962), Krinsley and Takahashi (1962) and others. Since
then many workers have used the technique as an aid in environmental discrimination of
both consolidated and unconsolidated sediments. The literature can be divided broadly
into that establishing relationships between the environment of deposition and particular
surface textures and that reporting use of the technique in problem solving. For
example, Krinsley and Donohue (1968), Krinsley and Doornkamp (1973), Baker (1976)
and Culver et al (1983) have shown relationships between known depositional
environments (or in some cases laboratory reconstructions) and surface textures. Other
workers, for example, Hodgson and Scott (1970), Setlow (1978), Krinsley and Funnel
(1965), Douglas and Platt (1977) and Al-Saleh and Khalef (1982) have used quartz grain
morphoscopy in studies of sediment transport processes, environments of deposition,
sedimentary history, pedogenic development and in relative dating of sediments.
The basic assumption of the technique is that a particular (transporting)
environment will impart characteristic surface textures to the surface of a quartz grain.
There are obvious limits to such an assumption:
"strictly, the environments identified are those that impart change to the
nature of the grain surface "(Whalley, 1985) and
"success....depends on the extent to which the parameter....has equilibrated
with the last environment prior to final deposition "(Baker, 1976).
The author suggests that the term "environmental signature" be used to
denote the surface texture that characterizes a particular environment of deposition.
More recently, identification of quartz surface textures and standardization of
terms seems to be based largely on the work of Krinsley and Doornkamp (1973).
However, there are still considerable differences in terminology among users of the
technique. For example, compare the names of textures listed in Bull (1978), Baker
(1976) and Al-Saleh and Khalef (1982). Whalley (1985) suggests that this variation is in
part due to most workers being self-trained and in part due to variability in the surface
textures. Despite this problem Culver et al (1983) found good agreement on
environmental interpretation among five electron microscopists even though identification
of individual surface features was variable.
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Many papers list quartz surface textures which constitute enviroiunental
signatures. Aeolian signatures are widely reported as being easily recognized. Krinsley
and Doornkamp (1973) listed aeolian textures as including upturned plates, tendency to
rounded grains, silica precipitation and smoothing in hot desert environments.
Dish-shaped concavities and surface cracking are features of hot deserts as distinct from
coastal dunes. Grain size is important because the smaller grains (<200/i) are mostly in
suspension, have fewer collisions, show strong chemical attack and have angular flat
surfaces. Krinsley and McCoy (1978) listed aeolian features of sand-size grains as
upturned plates, large areas of conchoidal fracture, surface cracking, rounding and
evidence of silica solution and precipitation. Krinsley and Funnel (1965) listed
meandering ridges (resulting from conchoidal fracture) and graded arcs as aeolian
textures. Krinsley and Donohue (1968) claimed to be able to discriminate between
littoral, aeolian, glacial and diagenetic environments while river transport and turbidity
currents did not impress characteristic surface textures. Further, aeolian textures in
temperate climates included meandering ridges and graded arcs while tropical
environments produced flat, pitted surfaces. Baker (1976) used grooves, scratches and
V-shaped dents as indicative of littoral environments; mechanically-formed upturned
plates, silica solution-precipitation and polygonal cracks as more indicative of inland
dune deposits; while chemical V-etching was indicative of lagoonal or marine deposits.
According to Krinsley and Donohue (1968) subaqueous environments impart
rounded edges, mechanical V-shaped dents, and straight or slightly curved grooves while
changes in the density and intensity of these textures reflect the energy of the
environment. The poor environmental signature from turbidity currents may be due to
the rapid transport and cushioning effect of the turbid sediment.
Moss (1966) has shown that quartz grains from granitic rocks and gneisses
are 'remarkably equant and rounded' from incipient fractures formed during rock
forming processes and that the roundness of grains less than 2nim may not be entirely
due to the generally accepted process of abrasion.
The use of surface textures as a relative dating technique has been reported
by Coch and Krinsley (1971), Setlow (1978) and Douglas and Platt (1977). The degree
of diagenesis of the quartz grains was compared and greater age was considered to be
indicated by such features as an increase in silica precipitation and solution. Setlow
(1978) discussed rainfall, vegetation, alkaline ions, mean armual temperature, porosity
and permeability as factors which affect diagenesis while Douglas and Platt (1977) found
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that other factors affecting diagenesis, in addition to time, were the position of the grain
in the soil profile (A, B or C horizon) and particle size composition. Finer grained soils
were wetter and grains were subject to greater chemical action. Bowden and Colhoun
(1984) used the degree of chemical etching on sponge spicules as a relative dating
method for beach ridges in north-eastern Tasmania.
Although quartz surface textures have been used with apparent success by
many workers there are some basic problems with the technique. Firstly, as pointed out
above, the surface textures observed are those relating to the last environment which
stamped a signature on the grain, not necessarily the environment of deposition.
Secondly, the processes by which particular surface textures are formed are not well
understood eg. mechanical V-dents and crescent dents and chemical V-shaped etchings.
Attempts at environmental reconstruction have had limited success eg., compare the
mechanical textures of aeolian reconstructions to the solution-precipitation textures from
natural deposits. These problems and others are discussed by Schneider (1970),
Subramanian (1975), Baker (1976), Bull (1981) and Whalley (1985).
There is considerable variation among workers in sampling procedures,
specimen description and subsequent interpretation. Krinsley and Doornkamp (1973)
used 15 grains and warned of the importance of grain size. Many workers have
indicated they chose monocrystalline quartz grains using a binocular microscope thereby
leaving themselves open to sampling bias eg., unintentionally choosing frosted grains
from an aeolian specimen. Baker (1976) solved this problem by randomly choosing
quartz grains identified by the microprobe but this approach is really only practicable if
both microprobe and microscopy ftinctions are available on the same machine. Coding
of specimens is a desirable way of reducing sampling bias in specimen choice and
description. Culver et al (1983) tested the optimum grain number per specimen and
found that 30 grains were adequate 39 times out of 40. Baker (1976) found little
statistical improvement over 20 grains when compared to 30, 40 and 50 grains per
specimen. Al-Saleh and Khalef (1982) used an unspecified number of grains of
'medium' sand. Cheng Ly (1978) used 10-15 grains from the modal size range and Bull
(1978) suggested that 20 grains would serve unless the deposit was derived from multiple
sources.
Specimen description varies from qualitative assessments, to quantitative
presence/absence of each surface texture, to more complex assessments such as those of
Setlow and Karpovich (1972). They used an index based on degree of development of
the surface texture and the area of the grain affected. Baker (1976) argued that recording
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more than presence/absence is too time-consuming while Culver et al (1983) argued
presence/absence of texture was diagnostic.
Interpretation of specimen descriptions, including quantitative ones, appears
to be mainly qualitative. Baker (1976) used regression analysis of surface textures
against distance of aeolian transport and concluded it would not be possible to distinguish
the environments of deposition on the basis of most surface textures. Cheng Ly (1978) is
typical of many workers in presenting qualitative and photographic evidence. Bull
(1978) used cluster analysis techniques claiming them to be more useful than the normal
descriptive procedure but time consuming and only as good as the data collected. Culver
et al (1983) used quantitative analytical techniques and required 13 variables to
discriminate among 8 specimens.
Before presenting and discussingthe results, some comments on the use of
the technique seem warranted. The technique has potential because of the small specimen
sizes required which provide an alternative approach to problem solving in pedogenesis
and relative dating. However, interpretation of the data is somewhat problematic. Some
aspects of the technique which limit it's usefiilness include :
a) the effectiveness of the last transporting medium in stamping a
recognizable environmental signature on the grains; if the distance of transport has been
short or the energy levels low, then the observed quartz surface textures may be
misleading;
b) there is a lack of understanding of many of the processes linking the
environment of deposition to the surface textures observed, thereby reducing the
credibility of the technique;
c) diagenesis may mask textures formed during the processes of deposition;
d) there may be considerableoperator time required to establish
environmental signatures and discriminate between depositional environments.
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6.5.2 Description of the specimens
Specimens of quartz grains were taken from a range of depositionai
environments in the Coal and Derwent River Valleys in an attempt to establish their
environmental signatures. Many of the specimens were also used for particle size
analysis.
Aeolian specimens included:
(i) the A horizon at site UFl on the University Farm. Specimens in the l</>
and 2.5<j) size ranges were used and labelled UF1-1<^ and UFl-2.5</i
(ii) Malcolm's Hut dune B and C horizons (MHB,MHC)
(iii) Richmond dune at 2m depth (Ricd)
(iv) the C horizon of the soil on the Bridgewater sandsheet (Brid)
Triassic and Tertiary specimens included:
(i) the C horizon of Triassic sandstone at site UF9 (UF9)
(ii) the C horizon of Tertiary sediment at site UFl9 (UFl9)
(iii) the Tertiary sediments exposed below the discontinuity at site UF12
(UF12 Tert)
Alluvial specimens were taken from three depositionai environments and
included:
(i) the B horizon of a soil developed on a debris-flow in UF12 (UF12 B)
(ii) the columns adjacent to the infills at site UF14 at a depth of about 130cm
(UF14 col)
(iii) sands from prior channel deposits of the Coal River (CR217)
Infill specimens included:
(i) infills from the lower B horizon of a soil developed above Triassic
sandstone (UFSinf), site UF8 was chosen because of the occurrence of better
developed infills than at either site UF7 or UF9 (AMG 534525 5261750)
(ii) infills from approx. 130cm depth at site UF14, two specimens were taken
including clean, bleached grains from the centre of the infill (UF14 blinf) and
grains from the hulk of the 10YR5/6 coloured infill material (UF14 inf).
(iii) infills from site CR301 (CR301 inf)
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Twenty grains from each specimen were examined under the SEM and the
presence/absence of the following quartz surface textures was recorded for each grain :
. conchoidal fractures (fresh and diagenetic)
. arc steps
. grooves
. cracks
. dish-shaped concavities
. cleavage plates
. mechanically formed upturned plates
. upturned plates with silica precipitation
. chemically formed V dents
. abrasion pits
. crescent dents
. irregular and smooth silica precipitation
. silica capping
. scaling
. euhedral quartz faces (fresh and diagenetic)
. silica solution pits (these were classified as deeper than 10^ or shallower
than 10/i and whether they covered <2%, 2-10% or >10% of the grain
surface)
. adhering clay particles
. grain shape and edge shape were recorded as rounded, subrounded,
subangular and angular
. relative relief of the features on the grain as low, medium or high
The frequency of occurrence of the surface textures for each specimen is
given in Table 13.
Table 13. SEM: Frequency of occurrence of quartz grain surface
textures (20 grain specimen).
Feature UFl
I'J
UFl
2.50
MHB MHC Brid Ricd UF9 UF12
Tert
UF19
Tert
confract
(diag)
3 1 4 2 2 1 5 4 4
confract
(fresh)
0 0 2 2 1 7 3 1 0
arc steps 2 0 1 2 0 7 6 1 2
grooves 2 0 1 1 0 0 0 0 1
cracks 3 0 0 0 2 0 0 1 0
dish
concav
3 2 1 3 2 1 2 0 0
cleav plate 0 0 0 0 0 2 0 0 0
uptplate
mech
3 2 1 3 1 3 0 1 0
upt plate
Si
2 10 4 2 2 10 8 4 0
V dent
chem
1 6 0 0 6 0 5 11 5
ahrasn pits 19 18 19 18 2 19 0 11 15
Table 13 cont.
Feature UFl
H
UFl
2.5<t)
MHB MHC Brid Ricd UF9 UF12
Tert
UF19
Tert
cresc
dents
0 2 0 1 0 0 0 2 1
Sipptn-
irreg
11 15 5 2 3 2 10 18 19
Si pptn-
smooth
6 5 11 17 15 13 10 3 14
Si
capping
0 0 0 • 0 0 0 0 3 0
scaling 0 0 8 12 4 13 2 2 0
euhface
(fresh)
1 0 0 1 6 0 14 6 8
euhface
(diag)
4 9 6 10 6 4 0 10 6
Si soln > 10u
<2% 0 2 0 0 1 0 0 1 0
2-10% 0 1 0 0 3 0 0 2 0
>10% 1 11 0 0 7 0 0 0 0
Si soln < lOg
<2% 4 0 6 1 2 8 2 0 0
2-10% 4 3 2 7 2 3 6 4 6
>10% 10 6 3 8 4 0 11 15 8
clay
particle
0 0 0 0 1 2 15 1 0
grain shape
r 0 0 2 0 1 5 0 0 0
sr 13 7 15 9 13 8 9 10 14
sa 7 12 3 10 5 6 7 5 6
a 0 1 0 1 1 0 4 5 0
grain edges
r 13 10 15 2 6 8 0 1 7
sr 7 6 5 9 7 6 5 10 10
sa 0 3 0 6 7 5 5 6 3
a 0 1 0 3 0 0 10 3 0
Rel relief
low 17 17 15 8 8 10 2 5 8
medium 3 3 5 12 12 9 14 13 12
high 0 0 0 0 0 0 4 2 0
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Table 13 (cont)
Feature UF12B UF14
col
CR217 UF8
inf
UF14
blinf
UF14
inf
CR301
inf
con &act
(diasl
1 2 4 2 2 6 6
con fract
(freshl
4 1 5 0 0 3 2
arc steps 9 3 5 0 0 0 2
grooves 4 6 0 0 3 0 0
cracks 1 3 0 1 2 1 0
dish concav 0 2 2 2 2 1 0
cleav plate 5 0 3 0 0 1 0
upt plate
mech
0 0 4 1 0 0 0
upt plate Si 2 1 5 6 7 7 7
V dent che
m
4 6 2 4 2 2 4
abrasn pits 19 20 16 17 19 20 20
cresc dents 5 6 0 0 1 1 0
Sipptn
-irreg
11 17 8 15 13 17 14
Si pptn- sm
ooth
9 1 7 4 7 2 6
Si capping 0 2 0 0 0 0 0
scaling 3 0 12 0 0 0 0
euhface
(fresh)
0 0 0 1 0 0 0
euhface
(diag)
8 6 5 3 4 3 3
Si soln > lOfi
<2% 1 1 0 0 0 1 1
2-10% 0 0 0 1 0 1 0
>10% 0 5 0 2 3 3 0
Si soln < 10/i
<2% 7 0 5 0 3 0 5
2-10% 5 0 1 1 4 4 1
>10% 6 14 6 16 12 12 12
clay particl
e
1 0 1 0 0 0 0
grain shape
r 1 5 6 1 1 2 2
sr 14 12 8 10 13 12 17
sa 5 3 5 9 6 6 1
a 0 0 0 0 0 0 0
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Table 13 cont.
Feature UF12B UF14 CR217 UF8 XJF14 UF14 CR301
col inf blinf inf inf
erain edges
r 13 20 12 13 19 18 17
sr 2 0 5 7 1 2 3
sa 5 0 1 0 0 0 0
a 0 0 1 0 0 0 0
Rel relief
low 10 18 14 17 19 13 15
medium 10 2 5 3 1 7 5
high 0 0 0 0 0 0 0
The specimens were grouped into aeolian, Triassic/Tertiary, alluviumand
infills for the purposes of comparison. The averagenumber of surface textures per 20
grains for each environment of deposition is listed in Table 14. These data are presented
graphically in Figure 21.
Table 14. SEM: Average number of surface textures per 20 quartz grains for
aeolian, Triassic/Tertiary, alluvial and infill specimens.
Feature Av.aeol Av.Tr/Tert Av.alluv Av.infills
confract
(diagl
2.17 4.33 2.33 4.00
confract
(fresh)
2.00 1.33 3.33 1.25
arc steps 2.00 3.00 5.67 0.50
grooves 0.67 0.33 3.33 0.75
cracks 0.83 0.33 1.33 1.00
dish concav 2.00 0.67 1.33 1.25
cleav plate 0.33 0.00 2.67 0.25
upt plate mech 2.17 0.33 1.33 0.25
upt plate Si 5.00 4.00 2.67 6.75
V dent chem 2.17 7.00 4.00 3.00
abrasn pits 15.83 8.67 18.33 19.00
cresc dents 0.50 1.00 3.67 0.50
Sipptn
-irreg
6.33 15.67 12.00 14.75
Si pptn-
smoodi
11.17 9.00 5.67 4.75
Si capping 0.00 1.00 0.67 0.00
scaling 6.17 1.33 5.00 0.00
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Table 14 cont.
Feature Av.aeol Av.Tr/Tert Av.alluv Av.infills
euh face
dreshl
1.33 9.33 0.00 0.25
euhface
(diag)
6.50 5.33 6.33 3.25
Si soln > lOu
<2% 0.50 0.33 0.67 0.50
2-10% 0.67 0.67 0.00 0.50
>10% 3.17 0.00 1.67 2.00
<10u 0.00 0.00 0.00 0.00
<2% 3.50 0.67 4.00 2.00
2-10% 3.50 5.33 2.00 2.50
>10% 5.17 11.33 8.67 13.00
clay particle 0.50 5.33 0.67 0.00
grain shape
r 1.33 0.00 4.00 1.50
sr 10.83 11.00 11.33 13.00
sa 7.17 6.00 4.33 5.50
a 0.50 3.00 0.00 0.00
grain edges
r 9.00 2.67 15.00 16.75
sr 6.67 8.33 2.33 3.25
sa 3.50 4.67 2.00 0.00
a 0.67 4.33 0.33 0.00
Rel relief
low 12.50 5.00 14.00 16.00
medium 7.33 13.00 5.67 4.00
high 0.00 2.00 0.00 0.00
SEM photographs of characteristic quartz grain surface textures found in this
study are shown in Plate 15 and listed in Table 15.
Table 15. List of SEM photographs in Plate 15.
1.
ii.
ill.
iv.
V.
vi.
UFl-
UFl-
UFl-
UFl-
UFl-
UFl-
low relief subrounded grain with irregular silica precipitation.
upturned plates with silica precipitation.
silica precipitation and solution features.
euhedral quartz crystals in a solution pit.
euhedral grain showing abrasion pits, dish-shaped concavity
and chemical V dent.
V dents deepened by solution and showing smooth silica
precipitation.
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vii. UFl- euhedral face with abrasion pits and silica solution and
precipitation.
viii. UFl- euhedral faces, subrounded edges, abrasion pits and silica
precipitation and solution.
ix. UFl- fresh conchoidal fracture and abrasion pits.
X. MHC- fresh euhedral quartz faces.
xi. MHC- rounded low relief grain with abrasion pits and dish-shaped
concavities.
xii. MHC- fresh euhedral faces, silica precipitation and scaling.
xiii. UFMinf- rounded grain with abrasion pits and some silica solution.
xiv. UF14inf- rounded grain with silica solution/precipitation over the whole
grain.
XV. UF14 inf- remnants of euhedral faces with abrasion pits and silica
solution/precipitation.
xvi. UF14 inf- upturned plates.
xvii. UF8 inf- subrounded grain with irregular silica solution/precipitation.
xviii. UFSinf- rounded edge with abrasion pits, some silica solution.
xix. UF14 A2- rounded low relief grain with abrasion pits.
XX. UF9- fresh euhedral faces, some chemical V dents and silica
solution.
xxi. UF9- fresh euhedral faces and captured illite platelets.
xxii. UF9- high relief angular grain with euhedral faces and silica
solution.
xxiii. UF12Tert- fresh euhedral faces and silica solution/precipitation.
xxiv. UF19Tert- fresh euhedral faces, silica solution and smooth precipitation.
XXV. UF19Tert- silica solution/precipitation.
xxvi. UF19Tert- stannous chloride residue.
xxvii. UF12 B- shallow silica solution pits.
xxviii. UF12 B- rounded edges with abrasion pits and cleavage plate with
weak silica solution.
xxix. UF12 B- fresh conchoidal fracture and weak silica solution.
XXX. UF12 B- are steps with abrasion pits.
xxxi. UF14 col- low relief subrounded grain with silica rounded grain with
silica precipitation.
xxxii. UF14 col- deep silica solution pit.
xxxiii. UF14 col- deep silica solution/precipitation.
xxxiv. Ricd- subrounded grain with irregular silica precipitation.
XXXV. Ricd- subangular medium relief grain with fresh conchoidal
fractures.
xxxvi. CR 217- rounded grain with abrasion pits.
xxxvii. CR 217- subangular grain with rounded edges and silica precipitation.
xxxviii. CR 217- scaling.
xxxix. CR 301inf- diagenetic conchoidal fractures, irregular silica precipitation
and abrasion pits.
xL. CR 301inf- irregular silica precipitation and solution, euhedral faces with
abrasion pits.
xLi. CR 301inf- irregular silica solution precipitation.
xLii. Laburnam- rounded grain
xLiii. Laburnam- abrasion pits
con
fract(d)
Si pptn-
irreg
Figure 21. Average number of surface textures
per 20 grain specimen for each
depositional environment.
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Plate 15: Scanning Electron Microscope (SEM) photographs ofcharacteristic quartz grain
surface textures (seeTable 15).
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6.5.3 Interpretation of quartz grain textures
The characteristic features of aeolian grains described in this study are in
broad accordance with the previously reported rather diverse group of aeolian textures.
However, there appear to be few graded arcs and meandering ridges (as reported by
Krinsley and Funnel, 1965) or dish-shaped concavities and upturned plates (Krinsley and
Doornkamp, 1973). Polygonal cracks were not observed but scaling was common in the
Malcolm's Hut specimens.
During the early stages of the investigation, several specimens were prepared
as a preliminary test of the likely effectiveness of the technique. Two or three grains
taken from the soil surface at site UFl had surface textures of smooth Si precipitation
over the entire surface of the grain which were almost exactly as described for desert
dune sands by Krinsley and Doornkamp (1973). The smooth surface is thought to have
been caused by diurnal fluctuations in moisture on the grain surface which brings Si into
solution during the night to be precipitated again during the day, especially in low
rainfall areas where there is sufficient salt on the grain to create alkaline conditions.
These characteristic surface textures were very encouraging but during subsequent
examination of aeolian grains none was found that had the same degree of smooth Si
precipitation. A possible explanation is that all the subsequent specimens were taken from
lower in the profile where more moist conditions should have been more conducive to
chemical action and destruction of the smooth surfaces by solution and precipitation.
Relatively strong Si precipitation and solution textures are a feature of the
aeolian grains examined in the present study. Thus, mechanical textures (and the smooth
Si precipitation) imprinted during transport may have been obscured by post-depositional
chemical action. Krinsley and Doornkamp (1973) suggested that these chemical textures
are associated with arid conditions which prevail during periods of aeolian activity and so
are characteristic of aeolian deposits. The extent of chemical action on the aeolian
specimens is shown in Plate 15 (i, iii, vi, vii, viii and xxxiv). Plate 15 (iv) (magnified
from Plate 15 (iii) shows delicate euhedral quartz crystals developed in a solution pit.
Their presence is indicative of post-depositional chemical processes since it is unlikely
that they would survive undamaged during transport.
The aeolian specimens have a considerable degree of intra-specimen
heterogeneity. Although many of the grains show textures which are consistent with their
known aeolian environment, there are some grains in most specimens which have
apparently anomalous textures. Plate 15 (x and xii) shows grains from Malcolm's Hut
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dune with relatively undamaged euhedral faces. Similar textures were found in the
Bridgewater specimen. A possible explanation for the euhedral grains is that they have
not been transported far and so have not been stamped with a clear
environmental/sedimentological signature. This fits the likely model of sediment transport
in the DuckHole Rivulet catchment where sand eroded from the Meehan Range to the
west has been fluvially transported only a few kilometres onto a floodplain, dried, and
transported over a short distance before deposition in the adjacent Malcolm's Hut dune.
This explanation is less attractive for the Bridgewater sandsheet since the Derwent River
catchment is much larger. However, there have been large volumes of sediment
discharged into the river from adjacent slopes (Wasson, 1977a; Sigleo, 1979).
Plate 15 (xxxv) shows grains from the Richmond dune with fresh conchoidal
fractures which were common in this specimen but not in any of the other aeolian
specimens. There were essentially two types of grain surface texture in this specimen.
The first type included rounding with upturned plates. Si precipitation and scaling. The
second type showed little Si precipitation, fi-esh conchoidal fractures and arc steps.
Grain size may also have had a major effect on surface textures. Grains were
mostly in the 300-600/i range and may not have been large enough. Plate 15 (xix) shows
a 1.5mm diameter grain from the A2 horizon of profile UF14 which has a strong
mechanical aeolian signature. Comparison of the l.O(j) and 2.5<^ specimens from site UFl
(see Table 14) shows the effect of grain size. The smaller grains are more angular, have
more Si solution texture and generally do not exhibit what might be considered a strong
aeolian signature. The dilemma, then, is whether to choose larger grains which are more
likely to show an environmental signature or to choose smaller grains which are closer to
the modal size range of the sediment. The problem should be resolved for each study
eg., where a sediment consists of grains from several provenances, the size fraction
described could be critical to the results. If analysis of the particle size data shows that
the deposit is not multimodal then the larger grains from the traction population should
provide valid results.
Although some of the aeolian grains do not show textures that might be
expected, there are other grains with textures that may reveal their history of
environmental transport. Most of the quartz grains in the Quaternary deposits have come
originally from Triassic sandstone either directly or via Tertiary sedimentation. Quartz
overgrowths are a feature of the Triassic grains and many of the grains described have
diagenetic quartz overgrowths that have been subjected to subsequent mechanical and
chemical processes (Plate 15; v, vii and viii). It is possible to envisage the original
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Triassic grains having their sharp, angular, euhedral faces abraded as they are carried by
water, then wind, before being subjected to chemical action post-deposition. Plate 15 (vi)
shows a grain from profile UFl which has a concentration of V-dents superimposed on a
surface on which there has been Si solution and precipitation. Although the mechanism of
formation is not well understood, V-dents are thought to result from subaqueous
transport in a high energy environment. This grain may therefore reflect a history of
prior transport by water (perhaps in the littoral zone of Pitt Water) followed by wind
transport, then diagenesis. Another grain (not photographed) may have been a "drop
grain" from the local Permian rocks since it exhibited a clearly defined shattermark
which is considered indicative of glacial conditions.
Grains from Triassic sediment are shown in Plate 15 (xx, xxi and xxii).
Obvious surface textures include high relative relief, and quartz overgrowths with
angular edges. Microprobe analysis confirmed all those overgrowths shown to be quartz.
Adhering clay platelets can be seen in Plate 15 (xxi). Microprobe analysis indicates that
the clay is illite which is commonly found as cementing material in Triassic sediments
(Sharpies, pers.comm.). The quartz has firmly captured the illite since the specimen
preparation (including boiling in conc. HCl) has cleaned all other extraneous matter from
the surface. The captured illite occurs only occasionally on grains from other specimens
suggesting that it may be lost by abrasion during transport.
The grains from Tertiary sediments show similar features to those from
Triassic sandstone except that there are fewer fresh euhedral faces, few adhering clay
particles and slightly more silica precipitation. The number of fresh euhedral faces
suggests that there may have been post-depositional quartz growth on these grains.
Alluvial grains show a diversity of textural features. The grains from the
Coal River alluvial deposit (CR217) exhibit mainly mechanical features with rounded
grains and little Si solution, though there was a significant amount of scaling. They tend
to have more arc steps, conchoidal fractures, grooves and crescent dents.
The grains from the UF12 B and UF14col specimens show marked
differences in their degree of Si solution textures. Plate 15 (xxvii, xxviii, xxix and xxx)
shows the relatively weak Si solution in the UF12 B specimen where the solution pits are
only 5-lOjii deep. Plate 15 (xxxi, xxxii and xxxiii) shows the strong Si solution in
specimen UF14col with pits > 100/i deep. This may reflect a substantial difference in age
between the two deposits, a conclusion supported by pedological and geomorphic
evidence given in this thesis. Alternatively, the differences may be due to physical and
chemical conditions in the edaphic environment. Setlow (1978) discussed the significance
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of drainage conditions and other soil properties on diagenic textures. In both these soils
drainage is known to be very slow, especially during winter. There are however,
differences between the soils, such as soil reaction. Profile UF14 is acid in the upper B2
horizon becoming neutral with depth below 100cm. Profile UF12 is neutral in the upper
B2 horizon becoming alkaline with depth below 40cm. Thus the alkaline conditions in
profile UF12 should favour pitting which would act to reduce the differences between the
two specimens. Other factors such as rainfall and temperature are the same in both cases
and although the distribution of the natural vegetation communities is not known
definitely, it is likely to have been similar eucalypt open woodland at both sites.
Quartz grain morphoscopy was used in order to assess the environment of
deposition of the infills. The data presented above suggest that aeolian grains can be
differentiated (at least to a reasonable degree) from alluvial grains and that Triassic and
Tertiary grains can be differentiated from both. A comparison of aeolian and infill
specimens shows them to have similar surface textures apart from those that could have
been affected by diagenesis. As with aeolian grains, infill grains exhibit well-developed
Si solution and precipitation features though they have more irregular and less smooth Si
precipitation and more Si solution textures than aeolian grains. These changes might be
expected from the increased chemical activity in the poorly drained infills. Comparison
of grains from the infills and the soil columns in UF14 shows few differences, with
grains from both materials showing a high degree of diagenesis. For example, compare
the diagenetic effects shown in Plate 15 (xiv) (an infill grain) with those shown in Plate
15 (xxxi, xxxii and xxxiii) (grains from the soil column). The similarities suggest that the
grains have been subject to the same environment for a long period of time.
The infill grains of profile UF8 can be easily differentiated from the in situ
Triassic grains of profile UF9. That is, the grains in the infills in the soils developed
above Triassic sandstone are shown to be of different origin from the grains in the
adjacent soil matrix. A comparison of the infills from UF8 and CR301 shows them to be
similar (ie., low relief with rounded edges. Si solution and precipitation and abrasion
pits) and also similar to the grains in the infills at site UF14 (Plate 15 xvii, xviii, xiii and
xiv and xxxix, xl and xLi).
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CHAPTER 7
SOILS of the UNIVERSITY FARM
As discussed in the introduction to this dissertation, there is a close relationship
between geomorphology and pedology and betweengeomorphic and soil mapping units.
Geomorphic units provide a valuable spatial and temporal framework within which the
pedologistcan investigate the distribution, physical and chemical properties of soils.
However, at any one site and for any suite of soils it behoves the pedologist to consider
the parameters of Jenny's (1941) equationwith respect to soil formation:
S = f (Cl, O, R, P, T)
and to consider the pedogenic dynamics of soil profile development listed and
discussed by Simonson (1959)
R - removals,
A - additions
Ti - transformations
Tj - translocations of materials to, within and from the profile
S = f(R, A,T„T2).
In this chapter, the distribution and general properties of the sites selected for
analysis will be described and then the relationship between soils and the stratigraphic
units on which they are formed will be examined.
7.1 Occurrence and description of soils
Soil occurrence on the northern part of the University Farm is shown in Fig.22.
Soils were described from hand angered material, from Proline cores and from pits. The
area was mapped at an intensity consistent with a publication scale of 1:25 000.
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7.1.1 Proflles selected for analysis
Twelve profiles from different stratigraphic units on the University Farm were
selected for detailed chemical and physical analysis. The location of each of the profiles
described is shown in Fig.6. Although several profiles have gross morphological
similarities they would be expected to have different chemical properties given the
diversity of parent materials and their relative ages (based on stratigraphic and
geomorphic criteria). The limitations of extrapolating the properties from one profile to a
whole stratigraphic or mapping unit are recognized (Butler, 1982) but it was not feasible
to analyse a larger number of profiles and only one from each stratigraphic unit was
chosen except for the Hanslow unit where two profiles were analysed.
The profiles selected are considered typical of the soils developed on their
associated stratigraphic units described in Chapter 5:
UFl
UF2
UF7
UFIO
UF11,UF12
UF14
UF15
UF16
UF20
UF22
UF24
aeolian coversand
Tertiary sediments (clay) exposed on the sideslopes of
incisions
Triassic sandstone
Triassic colluvium/sheet wash
Hanslow unit
Radar unit
Tertiary sediments (sandy clays) exposed on the hillslopes
Near Dam unit
Roberts unit
Thistle unit
Floodplain of Belbin Rivulet
Each of the analysed profiles listed in Table 16 has been classified according to
Northcote (1979), Soil Survey Staff (1975), Stace et al (1968) and Isbell (1992).
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Table 16: Principal Profile Form (PPF), Great Soil Group, Soil Taxonomy and
Isbell Classification of each of the analysed profiles from the University Farm.
Profile PPF Great Soil
Group
Soil
Taxonomy
Isbell (1992)
UFl Uc2.2 podzol Alfic?
Haplorthod
humosesquic podosol
UF2 Ug5.24 grey clay Udorthentic
Pellustert
self mulching grey
vertosol
UF7 Db3.11 soloth Mollic
Natrustalf
mottled eutrophic
brown kurosol
UFIO Db4.32 soloth Mollic
Natrustalf
mottled eutrophic
brown kurosol
UFll Db2.33 solodic soil Typic
Natrustalf
subnatric brown
sodosol
UF12 Db4.43 solodic soil Typic
Natrustalf
subnatric brown
sodosol
UF14 Dy5.41 soloth Aquic
Natrustalf
mottled eutrophic
brown kurosol
UF15 Dy5.32 soloth Mollic
Natrustalf
subnatric brown
sodosol
UF16 Db3.43 solodic soil Typic
Natrustalf
sodic eutrophic
brown chromosol
UF20 Dbl.33 solodic soil Typic
Natrustalf
haplic eutrophic
brown chromosol
UF22 Ug5.31 brown clay Udic
Chromustert
self mulching brown
vertosol
UF24 Uf6.31 prairie soil Fluventic?
Haplostoll
eutrophic black
dermosol
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A detailed profile description of each site is given in Appendix 2 and analytical data are
presented in Appendix 3. Following is a brief morphological and chemical description of
the salient soil features with comments relating to pedogenesis and geomorphology where
appropriate.
UFl is a podzol (Stace et al, 1968) developed in approx.60cm of aeolian sand
deposited on the Radar unit. There is a well developed Al and conspicuously bleached
A2 horizon overlying a thin (3cm) dark reddish brown (5YR3/2) loamy sand B21hs
horizon. Immediately below, iron and humic substances have accumulated at the
discontinuitywith the underlyingRadar unit clay, as demonstrated by the increase in the
%C and CEC, and have flocculated the upper l-2cm of the clay to form Smm peds
surroundedby sand. Underlying this horizon, the soilmaterials are typical of the Radar
unit with similar colour and structure to UF14.
The podzol is characterized by a strongly acid reaction trend, low CEC and
exchangeable cations, low EC and low silt and clay percentages. A comparison of this
profile with those on other aeoliandeposits in the area is difficult because the shallow
depth (by podzol standards), has compressed the pedogenic processes. For example, does
the dark reddish brown B horizon reflect a more advanced stage of podzolisation when
compared to the weakly developed B horizon in the much deeper Malcolm's Hut dune,
or, has a similar degree of leaching and accumulation been concentrated into the 3cm
depth interval above the underlying clay?
UF2 is a grey clay (dominant B horizon colours of 10YR4/2,5/2) developed on
clayeyTertiary sediments exposed by an incision into and below the Hanslowunit. The
clays in this profile are comparable with those sampled under the Hanslowunit in profile
UFll and this latter site can be considered as the exposed surface of the Tertiary
sedimentary material buried under the Hanslow unit. Surface coarse fragments, and
dolerite and Permian clasts in the B2 horizon have been shed from the incised Hanslow
unit upslope. Some small Permian clasts, a terrestrial snail shell and two broken sponge
spicules were found in a samplefrom 100cmdepth, indicating that cracking has occurred
to this depth. A sample from 120cm had no such extraneous matter.
The Ap horizon has been differentiated using the criteria recommended by
McDonald (1977) and McDonald and Isbell in McDonald et al (1984) for clay soils ie.,
unaccommodated ped faces. The pedality of the B2 horizon was determined from a
Proline core as 2-5mm subangular blocky but there may well have been larger secondary
and tertiary peds. The underlyingTertiary clay has strong 2-5mm angular blocky
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primary pedality (with lac ped faces), well-developed slickensides and a probable
lenticular secondary pedality.
Soft calcareous segregations and nodules have a maximum accumulation in the
B23 horizon. The EC depth function (in lieu of the more meaningful Cl" depth function)
suggests that the regular depth of wetting is to about 140-150cm.
The clay percentages in the lower B2 and D horizons are high (72-78%). The
upper B2 horizons have experienced aeolian accession as indicated by the decline in sand
percentages with depth and a fine sand: coarse sand ratio of 2:1 which is typical of
known aeolian deposits (eg., UFl) although, as will be discussed later, the particle size
distribution is similar from many geological units in the area. This trend with depth is
similar to that in UF3, a soil developed on Tertiary clay on the interfluve adjacent to the
University Farm office building where the sand percentage is high only in the upper
30-40cm. The depth trend in UF3 is somewhat surprising since aeolian activity would
have been expected when the conditions were dry and these soils crack to greater depths.
The levels of CEC and exchangeable cations are high and the possible reasons
for the high base saturation percentages are discussed in Appendix 6. The particularly
high CEC and exchangeable Ca values in the 65-75cm depth specimen are due to the
large amounts of free CaCOj present in this material. Although the Tucker method is
recommended for use on calcareous soils, it is evident from the results that both the CEC
(measured using Ca^"^ as the replacing ion) and the levels of exchangeable Ca are inflated
in specimens with free CaCOj. Ca/Mg ratios have been affected by the high Ca values
but lower in the profile they approach 0.44. The CEC indicates the presence of smectite
clays which is consistent with the X-ray diffraction analysis of the Tertiary clay from
UFll which shows the presence of large amounts of montmorillonite.
The northern side of this incision has duplex soils developed on sandy clay loam
Tertiary sediments. The occurrence of duplex profiles on the sides of the incisions
indicates either that the Tertiary material has been exposed to pedogenic processes long
enough for a duplex profile to develop or that erosional/depositional events subsequent to
the main incision have been responsible for the sandy surface horizon.
UF7 is a soloth developed on the crest of a hill above predominantly feldspathic
Triassic sandstone. The strongly duplex profile consists of a weak granular sandy loam A
horizon overlying a mottled brown (7.5YR4/3, 4/4) strong prismatic, medium clay B2
horizon. The primary peds within the large prisms are 5-lOmm subangular blocky. The
profile is shallow at 52cm to the C horizon and a Proline coring depth of 65cm but at
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profile sites UF8 and UF9 lower on the hillslope the profiles become progressively
deeper (Proline depths of 86cm and 95cm respectively).
Development of an A2 horizon is variable, there being none in profile UF7, but
the bleach is progressively more strongly developed down the slope in profiles UF8 and
UF9. Sand infills were not evident in UF7 but were found to be strongly developed in
UF8 and UF9. Some sandy A horizon material has been washed into the vertical planar
voids between the prisms in the upper B2 horizon, a feature common to many of the
duplex soils in the area but the sand only occurs as a coating on the prism sides
immediately below the A horizon and is not considered to be part of the infill
phenomenon lower in the profile.
The soil has an acid reaction trend and a moderate CEC in the sodic B2 horizon
(ESP of 8.4-19.8) which is dominated by Mg. Ca/Mg ratios range ftom 0.2 in the upper
B2 to 0.09-0.05 in the lower B2 horizon. Clay mineralogy of the B22 horizon includes
small amounts of kaolinite and montmorillonite and traces of degraded illite and
interlayer silicates. A profile on Triassic sandstone near Mt.Pleasant was found to have
large amounts of kaolinite with moderate amounts of illite and degraded illite at depth.
The quantities of illite progressively decreased up the profile and none was evident in the
upper B2 horizon (Beattie pers.comm.). Sharpies (pers.comm.) found illite to be a
common cementing agent in Triassic sediments.
UFIO is a soloth developed in colluvium from Triassic sediments at the foot of
the slope below profiles UF7, UF8 and UF9. The duplex profile has a weak granular
sandy loam A horizon and a sporadicallybleached A2 horizon overlying a mottled, dull
yellowishbrown (10YR4/3), prismatic, sandy clay B2 horizon. Infills, though not well
developed, are evident in the lower B2 horizon.
The sodic B2 horizon (ESP of 9.8-23.6) is dominated by Mg with Ca/Mg ratios
of 0.21-0.05. The CEC is relatively low compared with the values from other soils in the
area and this is a little surprising given the presence of montmorillonite on the X-ray
diffractogram and the high clay activity ratios shown in Fig.26. However, the values are
probably due to the relatively low clay percentages. The X-ray diffractogram of the
specimen from the B22 horizon (36-48cm) showed small peaks for kaolinite and
montmorillonite and traces of degraded illite. In contrast, a specimen from the underlying
Radar Road unit had small amounts of kaolinite and illite and large amounts of degraded
illite, which may be due to the abundance of decomposing Triassic clasts.
Profiles UFll and UF12 will be discussed together being both chemically and
morphologically similar and both developed in the Hanslow unit. The soils are solodics
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with weak granular, sandy loam to light sandy clay loam A horizons and well-developed,
sporadic to thin, conspicuously bleachedA2 horizons overlying weakly mottled, olive
brown (2.5Y4/3) to dull yellow (2.5Y6/4) and brown (10YR4/4) to yellowish brown
(2.5Y5/4), prismatic, medium clay B2 horizons. No sand infills occur in these profiles.
Calcareous nodules and soft segregations occur below 50cm. Platy fragments of detrital
ferricrete have accumulated in the A2 horizon.
Magnesium dominates the cation exchange complex with Ca/Mg ratios ranging
from 0.65-0.35 in the B2 horizon. ESP's in the B2 horizon range from 5.2 to 20.3. The
clay mineralogy includes small amounts of kaolinitewith moderate to large amounts of
montmorillonite.
The Tertiary clay underlying UFll is a weakly mottled greyish olive (7.5Y5/2,
5Y4/2), medium to medium heavy clay with strong 5mm angular blocky structure. The
160-183cm layer which occurs immediately below the discontinuity with the overlying
Hanslow unit, has some sand in addition to much CaCOj. As previously discussed, the
pedality and lac ped faces have been taken as evidence of pedogenesis. Other evidence
for a palaeosol is the EC depth function which may be interpreted as indicating one
profile above the discontinuity and another below.
Evidence that conflicts with the existence of a palaeosol is the occurrence at
200cm and deeper of very thin horizontally bedded lenses of fine sand. These appear to
be sedimentary in origin and, given their obvious fragility, should be destroyed by
pedoturbation and the action of soil fauna. It is surprising that they have survived
because the surrounding soil has strong pedality and slickensides.
The mineralogy of the Tertiary clays in this profile is dominated by
montmorillonite with small amounts of kaolinite. The CEC is high and Mg is the
dominant cation with Ca/Mg ratios ranging from 0.55 to 0.21.
Profile UF14, developed in the Radar unit, is a soloth with a single grain, loamy
sand A horizon and a thin conspicuously bleached A2 horizon overlying a mottled
yellowish brown (2.5Y5/6) medium clay, colunmar B2 horizon (see Plate 16). Soil
structure appeared massive in the Proline core. The vertical faces of the columns in the
upper B2 horizon carry a coating of sand washed down from the A horizon. They are
also stained dark by organic matter (Oertel and Blackburn, 1970) and are a zone of
concentration of plant roots.
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Plate 16. Strongly developed columns. Profile UF14, Radar unit.
The sandy A horizon is derived, at least partially, from aeolian material. The
scanning electron micrograph (Plate 15,xix) shows a quartz grain from the A2 horizon
which has strongly developed aeolian features and the detailed particle size analyses also
indicate an aeolian influence.
The moderately low CEC is dominated by Mg in the sodic B2 horizon (ESP of
7.3-15.9) with Ca/Mg ratios ranging from 0.19-0.07. pH is strongly acid to 80cm depth
becoming neutral in the underlying clastic sediments below 100cm depth. There is no
CaCOj in any part of the Radar unit, or the underlying Tertiary sediments. EC is
moderate becoming high at depth. Kaolinite is the dominant clay mineral with traces of
montmorillonite and degraded illite. This is reflected in the comparatively low values of
CEC/lOOg clay.
The underlying Tertiary clay (380-390cm specimen) is morphologically similar to
other Tertiary clays eg., those at the site of profile UFll, with similar pedality (though
perhaps stronger), colour and clay percentages (76%). Chemically however, it has a
much lower CEC (about half) indicative of a lower smectite component and is dominated
by kaolinite with traces of degraded illite and small amounts of montmorillonite. Deeper
in the profile at 545cm and 6(X)cm, there are traces to no montmorillonite suggesting that
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there may have been illuviation immediately below the discontinuity, perhaps involving
clay produced in the weathering of dolerite clasts in the overlying sediments (Birkeland,
1984a, p 178).
Profile UF15 is a soloth developed on a hillslope cut in Tertiary sediments. The
separation of soloth and solodic/solodized solonetz is not precise. Stace et al (1968)
distinguished between the two by describing the soloths as acid throughout the solum and
the solodic/solodized solonetz as having strongly alkaline B-C horizons. In this thesis,
soils with no calcareous accumulations and acid to neutral reaction trends in the B2
horizons are classified as soloths. There are some profiles that are difficult to classify.
For example, profile UF15 has an acid to neutral B2 horizon, calcareous segregations
occur from 170cm depth and there is no clear pedological or lithological discontinuity.
Profile UF16 which is acid to neutral in the B2 horizon but alkaline at depth is a similar
case. In these profiles, other criteria have been used. Profile UF15 has been classified as
soloth because the Ca/Mg ratios and the low base saturation indicate a strong leaching
environment and the calcareous segregations are considered to be the result of
groundwater movement from dolerite terrain at higher elevation rather than pedogenesis
in situ.
The duplex profile of UF15 consists of a weak granular sandy loam A horizon
overlying a dull brown (7.5YR5/4) to bright yellowish brown (10YR5.5/6), prismatic
medium clay B2 horizon. Mottles occur at depth. Angular and subangular fragments of
ferricrete occur to 75cm depth.
The underlying Tertiary sediments consist of strongly mottled yellow and grey
sandy clays, sandy clay loams and medium clays. Soft calcareous segregations occur
from 170cm and hard calcrete prevented angering below 210cm.
The CEC of the sodic B2 horizon (ESP of 6.2-19.1) is moderately low and
Ca/Mg ratios range from 0.23-0.06. Kaolinite was the only clay mineral identified in the
B2 horizon but there were small amounts of illite and degraded illite at depth and the
CEC values per lOOg clay are too high to be accounted for by kaolinite alone.
A pit dug adjacent to this site provided an interesting insight to the genesis of this
profile. Ferricrete, calcrete and silcrete are common secondary deposits in the Tertiary
sediments where they occur downslope from dolerite. Large accumulations of ferricrete
occur on this hillslope, and as they are weathered they break off and are distributed
downslope by erosional processes and by soil creep/mass movement. These processes
appear to have affected the profile to depths greater than those described by Thompson
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and Paton (1980) and Bishop et al (1980). The soil material appears to have been of
recent sedimentary origin and "mixed" to a depth of 75cm because below this there are
no ferricrete fragments. Platy fragments are also concentrated at the A horizon/B horizon
boundary but occur in a random orientation and location in the underlying B2 horizon.
The platy shape of the fragments reflects the alternating concretionary layers, often
2-4mm thick, of hard "red", presumably haematite-rich material and soft "yellow",
presumably goethite-rich material of the large ferricrete deposits farther upslope. It is
fragments of the haematite-rich material that have survived transport and occur in this
soil.
Some fragments taken from the A2 horizon were observed to have "shiny"
surfaces when cleaned, of similar appearance to desert varnish (Whalley, 1985). Desert
varnish may contain increased concentrations of Mn and Fe relative to the underlying
rock together with clay particles and organic material. Such a layer on the surface of
these fragments would suggest that they may mark an erosion surface.
In order to test whether the "shine" was due to such a layer, some fragments of
detrital ferricrete from the A2 horizon in the Hanslow pit were cut and polished and
examined on the microprobe. There was no evidence of any surface layer and the
ferricrete was found to have a relatively uniform matrix of silica and iron surrounding
the quartz grains.
Profile UF16 is a solodic/ solodized solonetz developed in the Near Dam unit.
The duplex profile consists of a weak, granular, loamy sand A horizon and a
conspicuouslybleached A2 horizon overlying a brown (7.5YR4/3) to dull yellowish
brown (10YR5/4), light medium clay sandy, columnar B2 horizon.
The CEC's are moderate with Ca/Mg ratios of 0.77-0.55 in the sodic B2 horizon
(ESP of 4.3-10). Clay percentages are relatively low in the B2 horizon ranging from
26.5-33.2%. Clay mineralogy of the B2 horizon includes small amounts of kaolinite and
montmorillonite with traces of interlayer silicates. The montmorillonite increases to
moderate levels in the underlying Wattle unit. In contrast to profile UF15 which lies
upslope from Profile UF16, the calcareous segregations may be pedogenic, derived from
weathering dolerite clasts rather than from percolating groundwater.
Profile UF20 is a solodic developed in the Roberts unit. The duplex profile
consists of a weak granular, sandy loam A horizon (with some sporadic bleach
immediately above the B2 horizon) overlying an upper B2 horizon of dark olive brown
(2.5Y3/3) to olive brown (2.5Y4/3), sandy clay to lightmedium clay (sandy). The CEC
is low to moderate with Ca/Mg ratios of 0.46-0.26 in the sodic B2 horizons (ESP of
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8.5-17). There are small to moderate amounts of montmorillonite and small amounts of
kaolinite in the B2 horizon.
Profile UF22 is a uniform clay soil developed in the Thistle unit. The A horizon
consists of 2cm of self-mulching light clay overlying moderate granular, brownish black
(7.5YR2/2) medium clay. The B2 horizon is dark brown (7.5YR3/3) to brown
(7.5YR4/4) medium heavy clay to light clay at depth. There are very many soft
calcareous segregations and nodules from 40cm which have affected the exchange
complex and particle size determinations. As previously mentioned, the specimens with
large amounts of free carbonate have yielded erroneous values for CEC, exchangeable
Ca and therefore for clay activity (CEC/lOOg clay).
The CEC is high and the Ca/Mg ratios range from 2.4 in the upper B horizon
which is free of calcareous segregations to 4.4 in the lower B horizon. Clay mineralogy
includes moderate amounts of montmorillonite and small amounts of kaolinite.
Profile UF24 is a prairie soil developed on the alluvial floodplain of Belbin
Rivulet. It has a black (lOYRl.7/1), moderate granular, light clay A horizon overlying a
black (lOYRl.7/1) medium clay B2 horizon. Gravel prevented angering past 60cm depth.
The CEC's are moderate but in contrast to most other soils in the area (except UF22)
have Ca/Mg ratios of 1.7-1.2 in the non-sodic B2 horizon. Another feature of this soil is
the relatively high silt content. Clay mineralogy includes small amounts of kaolinite,
montmorillonite and traces of degraded illite and interlayer silicates.
7.2 Soils of the clastic deposits
Specimens from eight profiles of soils formed in clastic deposits have been
analysed. The differences in the properties of these soils can be attributed to differences
in
a) parent material and
b) the time of exposure to pedogenic processes.
The climatic and biotic components of the pedogenic equation are considered to
have been uniform across the stratigraphic units (taking into account the possible
differences in climate with time and thus effects on soils of different ages). Topography
does not appear to be a factor at the sites sampled on the clastic deposits, although it has
had a significant influence on the soils developed on the footslopes eg., UF15 through
the process of additions from groundwater.
Accurate identification of the parent material of a soil is problematic. One only
has to look at the differences in interpretations of the origins of the red-brown earth in
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Australia (Green, 1966; Oertel and Giles, 1967; Oertel, 1974; Sleeman, 1964; and
Chittleborough and Oades, 1980a) for an example of the complexity of the subject.
Identification of the parent material in alluvial deposits is especially difficult (Brewer,
1964) given the lateral and vertical variations encountered eg., the common fining
upwards sequence in alluvial deposits means that the soil profile is likely to be developed
in finer sediments than an examination of the "C horizon" might indicate. Harden (1982)
alluded to this difficulty but made assumptions as to the nature of the parent material
which in the context of the results she presented appear to have been valid. Birkeland
(1984a) also discussed this problem, especially the importance of particle size
composition to the type and rate of pedogenic processes operating.
There are differences in lithology and particle size composition among the
stratigraphic units. One method used to estimate these differences was to count clasts
(section 5.3.3) and although this does not take into account the contribution of fine
sediment (eg., the unconsolidated Tertiary sediment), it was considered a reasonable way
to differentiate the deposits. The clasts in the deposits include Permian and Triassic clasts
of different lithology, Jurassic dolerite, and ferricrete and silcrete/quartzite.
The contribution of clasts of different lithology in various size classes in each of
the Hanslow, Radar, and Roberts units is shown in Table 4, Chapter 4.
Few Permian clasts larger than 5-6cm were found but the values in Table 4
indicate that there are, in any case, relatively few clasts in the larger size classes
regardless of lithology. At site UF20 (Roberts unit) there was a higher contribution from
Jurassic dolerite than for the other units and the sampling of the Proline material from
UF26 (Radar unit) indicates the soil at that site had the lowest contribution firom Jurassic
dolerite. This difference is significant because the geomorphic evidence (relative position
in the landscape, dissected surface) suggests that these two units are coeval and earlier
were possibly coextensive. Thus some similarity would be expected in the soil properties
associated with them. Jurassic dolerite has a much higher proportion of mafic minerals
than the Permian and Triassic clasts and this might be expected to affect the base status
and clay mineralogy of the soils. Profile UF26 is in the Radar unit and the upper part of
the section in which the solum has developed contained very few dolerite clasts (Table
4), similar to profile UF14. However, there was a significant increase in the number of
dolerite clasts lower in the profile. This highlights both the question of variability in
alluvial deposits and the importance of parent material identification to the subsequent
interpretation of soil characteristics.
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Hanslow unit profiles UFll, UF12 and UF17 contain predominantly Permian
clasts in the smaller size classes but Jurassic dolerite is dominant in the larger size
classes.
UF16 (Near Dam unit) and UF22 (Thistle unit) are composed predominantly of
doleritic material despite their gross morphological differences. About 75%of the clasts
in UF16 are dolerite with the remainder being mainly Triassic sandstone and mudstone.
The clasts in the underlying Wattle unit are predominantly Triassic.
UFIO (Radar Road unit) is composed entirely of sediment derived from the
weathering of Triassic rocks upslope. The sediment would be expected to have been of
relatively coarse grade (sands to sandy loams) and this may have affected the rate of
pedological development in this profile.
The clastic composition of the floodplain deposits of Belbin Rivulet (UF24) was
not quantified but appeared qualitatively to be the same as the Hanslow unit.
In summary, although the matching of parent rocks/parent materials and sola has
not been possible with complete certainty, the clast analyses suggest significant
differences among the units. The contribution of Jurassic dolerite clasts relative to those
of Permian and, to a lesser extent, of Triassic origin may explain some soil
morphological and chemical differences. In addition, the grade of the original sediment,
eg., the "clays" of the Thistle unit, the clast-laden debris-flows of the Hanslow unit, and
the "sandy clays" of the Radar Road unit, is likely to have affected rates of pedogenesis
and thus variability in soil properties.
The other major factor affecting soil development is duration of exposure to
pedogenic processes. Parent material differences limit the usefulness of a chronosequence
approach to interpretation of the properties of the soils of the clastic deposits but
examination of the morphological and chemical trends that might be associated with the
time factor is worthwhile.
There is a large body of literature dealing with soil profile development in
relation to the time factor and some of the salient references are discussed in section 10.1
(below).
The relative age of each of the clastic deposits has been estimated using
geomorphic evidence including degree of weathering, stratigraphy, landscape position
and dissection. Soil physical and chemical properties have been compared within this
relative chronological framework.
The Radar and Roberts units (vide UF14, UF20) are the oldest units given their
stratigraphic position, dissected surface and the degree of weathering of the clasts in the
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deposits. The Radar Road and Wattle units (that is, the deep strata in profiles UFIO and
UF16) are also considered to be old, perhaps even older than the Radar unit, but there is
no direct stratigraphic evidence on which to base a comparison of the deposits. The
Hanslow unit (vide UFll, UF12) is younger then the Radar and Roberts units and given
that the Near Dam unit (vide UF16) grades to the Hanslow unit, these two units may be
of similar age. The upper section of the Radar Road unit (vide UFIO) in which the solum
has developed may also be coeval with the Hanslow unit or older if it dips under the
Hanslow unit. This could not be ascertained from the drilling programme.
The relative age of the Thistle unit is difficult to estimate because it has no direct
stratigraphic links with the other deposits. The use of soil analytical and morphological
data to estimate relative age is problematic because most chronosequences have been
established in coarse-grade parent materials (eg.. Harden, 1982) and clays are generally
very stable in the landscape. In any case independent determination of relative
chronology is essential if soil development is to be assessed in relation to the time factor.
Specimens from a site on the floodplain of Belbin Rivulet (UF24) have been
analysed and used for comparison because of the common source of parent material with
the Hanslow and Radar units and profile UF24 could be considered to represent an early
stage of pedological development of the soils in these units.
7.2.1. Soil morphology
A feature of the soils developed on the Hanslow, Radar, Roberts, Near Dam and
Radar Road units is their generally similar profile morphology despite evident differences
in parent material and age. They are all duplex profiles with sandy loam A horizons
overlying "brown", prismatic to columnar B2 horizons. An examination of the profile
descriptions shows that soil properties such as melanization, clay depth fiinctions,
rubification, and pedality (Harden, 1982) do not differentiate these soils. There are no
trends in the colour of the B2 horizons, such as reddening, and the "yellow" B2 horizon
of UF14 (Radar unit) may be due only to the lower proportion of dolerite clasts in the
original deposit. Soils developed above Triassic sandstone (UF7) also weather to
"brown" B2 horizons and this is in accord with the "brown" B2 horizon of UFIO in the
exclusively Triassic Radar Road unit.
The depth of the solum was often difficult to gauge from the Proline cores
because the presence of clastic material at relatively shallow depths disrupted the
accompanying extraction of material. However, the pits provided an opportunity to gauge
sola depths more accurately and these showed that the solum depth in the Hanslow unit
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was only 50-70cm. In contrast, the solum depth in the Radar unit was 120-140cm.
Although the sediments are not directly comparable between the two units the much
greater depth of the solum in the Radar unit suggests that it has been subjected to
pedogenesis over a longer period of time than the Hanslow unit.
The soils developed in the Thistle unit and the Belbin Rivulet floodplain deposits
do exhibit different profile morphology from those of the other clastic deposits. The
Belbin floodplain soil (UF24) is much darker in colour (lOYRl.7/1) and this, together
with subangular blocky pedality and little evidence of horizon differentiation, is
indicative of its being at the cumulic stage of the chronosequence proposed by Walker
and Coventry (1976). The Hanslow unit on the other hand, would be considered to be at
the high contrast stage, though due regard must be made for the likely contribution to the
A horizon from aeolian accession.
Soil UF22 (Thistle unit) would appear to be younger than soil UF16 (Near Dam
unit) since it has little profile differentiation, darker colours, and finer pedality but (as
previously mentioned) the inclusion of a cracking clay in such a chronosequence is
problematic. Clays are generally very stable in the soil landscape and it is difficult to
envisage the processes which might change the morphology of a vertisol given the
mechanical effects of wetting/drying cycles and the limited scope for deep leaching.
Simonson (1978) has listed the churning of soils by shrinking and swelling as a process
that retards horizon differentiation. The old group of "grey, brown and red clays" of
eastern Australia also illustrates the point. No 'dark' coloured vertisols were found on
any alluvial deposits older than Holocene in the Coal River Valley and the soil developed
on an alluvial fan near "Colebrookdale" (see Appendix 1) was duplex, with similar
features to those of the Hanslow unit soil.
Profile morphology of the associated soils clearly differentiates the floodplain of
Belbin Rivulet (cumulic or prairie) from the Thistle unit (uniform brown clay) and from
the Hanslow, Radar, Radar Road and Near Dam units (all strongly duplex). However,
variation in properties among the duplex profiles is limited although soil UF14 appears to
be an older member within this group because of the deeper solum and the brighter hues
of the B2 horizon.
The most likely explanation for the apparent similarity in field-observable
morphological properties is the time scale over which pedogenesis has occurred. Harden
(1982) argued that most soil properties change systematically over a 3m.y. time span.
Nevertheless, different properties change at different rates. For example, pedality and
melanization differentiate soils younger than 10 GOOy; consistence becomes stronger in
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soils to 100 OOOy after which it becomes variable; clay content and argillans increase
rapidly after 10 OOOy; rubification increases most rapidly in soils older than 100 OOOy
and acidity, colour value and profile horizonation change less systematically than other
properties. The latter feature at least may be affected strongly by surficial
erosional/depositional processes.
Thus the morphological evidence suggests that although some of the duplex
profiles on the clastic deposits would appear to be different ages they may be within the
same log-time interval eg. between 10 000 and 100 OOOy ie., at the same stage of
development in terms of many of the profile properties.
7.2.2 Chemical and physical properties
A number of properties were measured in order to characterize the soils of the
University Farm and depth functions of some of these properties have been found to be
useful in distinguishing among them. The study area has been used for agricultural
production over a long period of time, consequently, interpretations based on the
chemical data from the A horizons should be considered with caution.
There are many properties and analytical ratios which could be used to describe
and differentiate the soils. The following discussion makes use of selected data that are
considered representative and reveal trends.
7.2.2.1 Soil reaction (pHi.5
Soil acidity generally increases with time but is sensitive to additions to the
profile from aerosolic dust or groundwater, and is affected by the nature of the parent
material. Three groups of soils emerge from consideration of the depth functions shown
in Fig.23. The data show the acid reaction trends of UFIO and UF14, the alkaline trends
of UFll, UF12, UF16 and UF20 and the neutral trends of UF22 and UF24. The acid
reaction trend of UFIO can be attributed to the low base status of the associated Triassic
sandstone while that of UF14 could be due either to low base status of the alluvial and
debris-flow material in which it has developed, and/or to the long period of time that the
soil has been subjected to pedogenic processes. Given the geomorphic evidence
(stratigraphy, dissection of the unit and the degree of weathering of clasts), it is likely
that time has been the major factor.
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7.2.2.2 Clay mineralogy
Composition and estimated quantities of clay minerals for selected specimens are
shown in Table 17.
Table 17: Clay minerals identified in selected specimens from University
Farm soils.
(quantity: t-trace; s-small; m-moderate; 1-large)
Specimen kaolinite illite
degraded
illite,
Termieulite
montmor-
illonite
interlayer
silicates
ITF^ /150-160 s t s-m possible
UF7 /34-43 s t s probable
IIFl 0/36-48 s t S
UFlO/170-180 s s 1 _
UFl 1/37-47 s _ m _
/76-88 s 1
/160-183 s m .
/220-230 s . _ 1
/350-360 s 1
IJF12/45-.53 s . . m .
/75-93 s m
IJF14/23-32 1 . t t _
/40-50 1 . t t _
/110-120 1 t t
_
/I.50-160 1 t t .
columns 1 . t t _
infills s-m t t
/380-390 1 s s .
/540-550 m t t .
/.590-610 1 . possible
UF15/45-.55 1 . . _
/137-145 1 s S
IJF16/40-.50 s . s probable
/210-220 s . . m
ITF20/38-47 s s-m
ITF22/30-40 s . . m
TIF24/40-50 s - t s nrobable
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The most obvious feature of the clay mineralogy data is the dominance of
kaolinite in the UF14 specimens and the dominance of montmorillonite in the UFll and
UF12 specimens. This extends to the underlying Tertiary sediments, that is,
montmorillonite under the Hanslow unit and kaolinite under the Radar unit. The
significance of this difference in the Tertiary sediments is unclear since UF3, a specimen
also taken from Tertiary sediments, had small to moderate amounts of both kaolinite and
montmorillonite with a trace of illite. As previously discussed, there is some evidence of
a palaeosol under the Hanslow unit in profile UFll. If the external drainage of the site
where the palaeosol formed was poor, then montmorillonite could be expected to form in
the clay sediments. The dominance of kaolinite in the Tertiary sediments in profile UF14
is difficult to relate to well-developed slickensides in the material and further specimens
from the Tertiary sediments should be examined.
The occurrence of montmorillonite is associated mainly with Jurassic dolerite but
may also be the result of the weathering of complex illites. Specimens from profiles
UF16, UF20, UF22 and UF24 all have small to moderate amounts of montmorillonite,
in the presence of dolerite clasts. However, montmorillonite has been identified in
profiles UF7 and UFIO, both developed above Triassic sandstone.
Illite has been identified in sediment derived from Triassic sandstone and in
Tertiary sandy clay sediments. Seven specimens from an 80cm deep profile above
Triassic sandstone (equivalent to profile UF7) were analysed by Beattie, (pers.comm.).
He found that the C horizon contained large amounts of kaolinite and moderate amounts
of illite and degraded illite. There was no illite in a specimen from 31-37cm (32 horizon)
or higher in the profile. A trace of montmorillonite was found in the A horizon. This
weathering trend is consistent with that described by Fanning and Keramidas (1977). As
illite is weathered, K is replaced by hydrated cations, first on the "frayed edges" of the
lattice to produce degraded illite, followed by total substitution to produce smectite clays.
Another potential source of montmorillonite (particularly in the A horizon) is from
aerosolic dusts of which it is a common constituent.
7.2.2.3 Clay content
Depth functions of clay% (Fig.24) are difficult to interpret given the variation in
parent material across the pediment. However, all profiles show an increase in clay in the
32 horizon with the youngest profile (UF24) exhibiting the least differentiation and UF14
the greatest. The increase in clay% with depth in the UF14 profile when compared to the
soils on the Hanslow and Near Dam units is again suggestive of the greater age of the
unit.
Figure 23. Depth functions of pH (1:5 wate^ for soils developed
in clastic deposits on the University Farm
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Figure 24: Depth functions of percent clay for soils developed in
clastic deposits on the University Farm
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Figure 25: Depth functions of CEC (meq/100gsoil) for soils
developed in clastic deposits on the University Farm
-50
-100 --
-150 -
-200
-250
-300
-350
-400
CEC (meq/IOOg soil)
155
-• UF10 soloth
-• UF11 solodic soil
-• UF12 solodic soil
UF14 soloth
-• UF16 solodic soil
-• UF20 solodic soil
• UF22 brown clay
-• UF24 prairie soil
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Figure 26: Depth functions of clay activity ratios (CEC/IOOg clay)
for soils developed in clastic deposits on the University Farm.
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Figure 27: Depth functions of exchangeable Ca/Mg ratios for soils
developed in clastic deposits on the University Farm
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7.2.2.4 Cation exchange capacity (CEC)
CEC depth fiinctions are shown in Fig.25 and three groups of profiles can be
differentiated based on trends in the lower B horizons. UP10 (Radar Road unit)and UP14
(Radar unit) have relatively low values; UPll, UP12 (Hanslow unit), UP16 (Near Dam
unit) and UP20 (Roberts unit) moderate values; and UP22 (Thistle unit) and UP24
(Belbin floodplain) moderate to high values. The values for UP22 and any horizons in
which there is free CaCOj (eg., UPll and UP12) have artificially inflated values due to
the technique used (see discussion. Appendix 6).
7.2.2.5 Clay activity ratios
Clay activity ratios are shown in Pig.26. Profile UP22 is not included because it
contains much free CaCOj which has inflated the CEC values and reduced clay
percentages. The depth functions fall within three groups. The low ratios of UP14 reflect
the dominance of kaolinite while the higher ratios of UPlO, UPll, UP12, UP16 and
UP20 reflect the amounts of smectite clays in the B2 horizons. The high ratios of UP24
are due to higher amounts of organic matter, reflected in dark colours and biological
activity throughout the profile. The values for the Wattleunit (UP16/ 210-220cm) and
the deep specimen from the Radar Road unit (UPlO/ 170-180cm) are very similar, as for
many of the data for these profiles, supporting the interpretationof the stratigraphic and
morphological evidence (eg., degree of weathering and consolidation) that they are
coeval.
7.2.2.6 Base saturation
Base saturation is often used as a means of discrimination among soil profiles but
interpretation of the results is problematic because of the dependence of the values on
soil reaction and the method of measurement. The depth functions for base saturation are
not presented but were in accordance with those for soil reaction and CEC.
7.2.2.7 Exchangeable Ca/Mg ratios
The depth functions of the ratio of exch.Ca to exch.Mg (Pig.27) have been found
to be very useful in discriminating among the soils developed in the stratigraphic units in
this study. Mg is often the dominant cation in Australian duplex profiles (Hubble et al,
1983). Teakle (1950) coined the term "magnesium soloths" for strongly weathered soils
in the north of Queensland. The increased proportion of Mg relative to Ca in the
exchange complex of many soils has been related to the degree of weathering (Soil
159
Survey Staff, 1951; and Walker and Coventry, 1976). Thus the ratio has potential value
as a method of relative dating. The Ca/Mg depth functions divide the soils into four
groups. UFIO and UF14 have low ratios (less than 0.2); UF20 and UF12 range from 0.3
to 0.5; UFll and UF16 from about 0.6 to 0.8; and UF24 from 1.2 to 1.8. Given that
UFll, UF12, UF16 and UF20 have grouped together for most of the other data and that
UFll and UF12 are from the same stratigraphic unit and are morphologically and
chemically very similar, it is considered that the spread of values for these four sites is
more a reflection of intra-group variability than as indicative of a distinct group. The
three groups formed then have ranges of <0.2, 0.3-0.8 and 1.2-1.8. The older, more
weathered profile developed in the Radar unit (UF14) is clearly distinguished from the
younger profiles developed in the Hanslow unit (UFll, 12) and the Belbin Rivulet
floodplain (UF24).
The Ca/Mg ratios of UF20 from the Roberts unit are only slightly higher than
those for the Radar unit and may be a more accurate reflection of the age and
stratigraphic position of the unit than some of the other measures used. The reasons for
this are not immediately clear but as will be shown in Section 10.2.2 the ratios are also
useful in separating alluvial soils in the Coal Valley. The more homogenised sediments
of a larger alluvial system, and hence fewer differences in parent material composition,
may more accurately reflect the degree of weathering and thus the time of exposure to
pedogenic processes.
7.3 Synthesis
The analytical data clearly distinguish UF24 (floodplain of Belbin Rivulet) from
UF22 (Thistle unit) and from the duplex profiles. Within the duplex profiles, UF14
(Radar unit) has a lower base status, is more acid, and has a low clay activity ratio
(kaolinite). UFIO (Radar Road unit) has many properties similar to UF14 except for a
higher clay activity ratio due to the presence of some montmorillonite apparently
weathered from illite. The data do not clearly differentiate among UFll, UF12 (Hanslow
unit), UF16 (Near Dam unit) and UF20 (Roberts unit) (although UF20 was often
peripheral to the groupings) and again reflect the difficulties of working with soils on
pediments. Parent material is variable spatially and temporally both across and down the
slope. Slope facets on pediments may be very complex with soils developed on outcrops
of underlying geological formations, on colluvial material in lower slope positions and on
clastic material transported from adjacent catchments. Nevertheless a stratigraphic
framework using landform, sedimentary characteristics and stratigraphy has been
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established in the present study within which to explain the distribution and properties of
the parent materials of the soils.
The properties of the apparently in-situ profiles (UF2, UF7 and UF15) formed in
Tertiary sediments and Triassic sandstone have provided a reasonable base from which to
evaluate the soils developed on clastic deposits. Pedological data from the soils developed
in the clastic deposits were in accordance with the stratigraphic interpretations, with few
exceptions.
The stratigraphic evidence suggests that the Roberts unit is coeval and was
possibly coextensivewith the Radar unit. If this is the case, the profile data from UF20
would be expected to be similar to those from UF14 . However, the morphology and
chemical properties of the Roberts unit soil (UF20) seemmore closely related to those of
the soils developed in the Hanslow and Near Dam units. This inconsistency has arisen
because of the difficulty of separating parent material and time effects. The higher
proportion of Jurassic dolerite clasts in the Roberts unit has confounded comparison of
soil properties which were expected to reflect chronological trends. This may be because
the difference in the period of time which elapsed between deposition of the Radar/
Roberts units and the Hanslow/ Near Dam units was insufficient for pedological
processes to leave a clear imprint ie., they were exposed over the same log-time interval
of pedological development. Further work needs to undertaken to better characterize the
Roberts unit.
The grading of the Near Dam unit to the surface of the Hanslow unit, together
with similarity of chemical and morphological features suggests that these two units are
of similar age. The absence of Permian clasts from the Near Dam unit does not appear to
have influenced the morphological and chemical properties measured as much as the
presence or absence of Jurassic dolerite clastsmight have done. This is perhaps not
surprising since their componentminerals are mainly siliceous and therefore more inert
than the dominantly mafic minerals of the dolerite.
The degree of profile development of the duplex profiles when compared to
profiles studied on the Australian mainland (Walker, 1970; Walker and Coventry, 1976)
suggests that these profiles are late Pleistocene in age and have formed in material
deposited as a result of landscape instability during the Last Glacial epoch. The older and
more weathered deposits of the Radar unit may be associated with an earlier stadial phase
or a previous glacial epoch. The presence of sand infills in the Radar unit suggests that
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there has certainly been a period of aeolian activity post Radar unit deposition and before
deposition of the Hanslow unit.
Despite the difficulties in comparing the Thistle unit to the other units, it is likely
that the unit is no older than early Holocene. The only vertisols on Quaternary deposits
occur on the modern floodplain or on very low terraces and the available radiocarbon
dates put these deposits in the mid to late Holocene ie., about 3-5000y B.P. (Goede,
pers.comm.). This implies that there has been a period of incision during the Holocene
which could have isolated the Thistle unit, perhaps associated with climatic amelioration
and stabilization of the vegetative communities when temperatures increased.
UF24 on the modern Belbin Rivulet floodplain has less profile development than
UF22 (Thistle unit) and consideration of the profile features together with C" dates from
Native Hut Rivulet would suggest that the alluvium was deposited after 3-5 OOOy BP.
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CHAPTER 8
STRATIGRAPHY of the COAL RTVER VALLEY
Richmond lies approx. 18km north-east of Hobart and 7km north of the
University Farm and marks the southern end of the area investigated in the Coal River
Valley. The study covered the alluvial deposits of the Coal River from Richmond
approx. 16km north to "Stockdale". The valley is from less than 1km to about 4km wide
and is bordered by mountainous interfluves of 300-500m in height (see Appendix 1).
8.1 Geological formations
The lower Coal River Valley is a fault-controlled graben of pre-Jurassic dolerite
age which has been rejuvenated during the Tertiary (Gatehouse, 1967). No Permian
rocks outcrop directly in the study area, but there are large areas of Permian outcrop in
the White Kangaroo Rivulet and smaller outcrops in the catchments of smaller tributaries
on the western side of the Coal River (eg.. Native Hut Rivulet) which have contributed
Permian clasts to the Coal Valley alluvial deposits. Triassic sediments outcrop
extensively along both the western and eastern sides of the valley and these contribute
mainly sandstone clasts to the alluvial deposits. Triassic clasts are not as common in the
alluvial deposits as might be expected probably because they are easily broken during
transport.
There are extensive outcrops of Jurassic dolerite along both sides of the Coal
River Valley. Dolerite forms the Coal River Tier (350-400m elevation) north-west of
Richmond and the imposing Coal River Sugarloaf (to over 500m elevation) north of
Campania.
There are extensive deposits of Tertiary sediments and basalts in the Richmond
graben. The sediments outcrop mainly along the western side of the valley between the
basalt and the Triassic sandstone/ Jurassic dolerite uplands. Bore RC5 on the property
"Carrington" (properties can be located on the map in Appendix 1) intersected mainly
Tertiary clays to a depth of 201m (Leaman, 1971). In the author's experience, the
sediments may be interpreted as consisting of predominantly unconsolidated, light grey
(with some yellow mottles) sandy clays and sandy clay loams, with light greenish grey
(7.5GY8/1) fine, silty clays. Leaman (1977) described the sediments as being commonly
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sandy silts. Anon (1983) logged a borehole near the southern boundary of the property
"Inverquharity" on the eastern side of the river which intersected 8m of Quaternary
gravels overlying Tertiary sand, sandy mud and muddy sand with up to 20% feldspar
and lithic clasts to approximately 90m depth.
Ferricrete is commonly associated with the Tertiary sediments and large deposits
up to a metre in diameter were observed in a section exposed in Native Hut Rivulet (see
Plate 6). Leaman (1977) reported that the occurrence of these concretionary ferruginous
deposits is often the only indication of Tertiary sediments and is a reliable field guide.
The corollary also applies, that is, the absence of ferricrete can be used as evidence that
Tertiary sediments have not been exposed. However, the observations of the author
indicate that the ferricrete occurs downslope from a source of Fe-rich groundwater such
as Jurassic dolerite and that the presence/absence of ferricrete is not a reliable indicator
where Tertiary sediments are exposed away from dolerite hillslopes. Leaman also
commented that the nodules were the product of a lateritising process and were fragments
of disrupted major deposits. Evidence presented in this thesis indicates that the ferricrete
formed in situ with some disruption and transportation occurring later due to
erosional/depositional processes.
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Plate 17. Tertiary sediments (containing plant macrofossils) exposed in a roadcut
beside Prossers Road near Richmond. Note the ferricrete deposits.
164
During the course of this study, several specimens of Tertiary and Quaternary
sediments were collected by the author for pollen analysis by Dr.R. Hill, Department of
Botany, University of Tasmania and by S. Forsyth, Department of Mines, Tasmanian
Government. Unfortunately, all the samples were barren which is consistent with past
experience, particularly for the sands and clays in this part, and many other parts of
Tasmania (Forsyth, pers. comm.). However, significant macrofossils were found at
Native Hut Rivulet and at Prossers Rd. Plant microfossils have been found at Native Hut
Rivulet in the past, but a road cutting in Tertiary sediments on Prossers Road near
Richmond (Plate 17) yielded well-preserved plant fossils in yellow, silty sediment and
some were also found in ferricrete. These specimens have not yet been properly assessed
but a preliminary estimate places them as of Eocene or Oligocene age. This is consistent
with previous estimates and the K-Ar date of Sutherland and Wellman (1986) for the
overlying basalts.
Plate 18. Tertiary valley basalt overlying Tertiary sediments exposed in Plummers
Creek near Campania.
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The Tertiary basalts were extruded into prior drainage channels cut in the
Tertiary sediments, from vents mainly north of Campania (Plate 18). The basalts are
massive, locally scoriaceous, with amygdaloidal fillings of carbonates, iron oxides, opal
and chalcedony and indeterminate chloritic and clay minerals (Sutherland, 1977;
Gatehouse, 1967). Nye (1922) observed that the basalts and sediments were interbedded
and described one flow between Campania and Richmond ll-13km long, l-3km wide,
varying from 30m thick at Campania to 2m at Richmond. A map of basalt isopachs in
Leaman (1971) suggests that a pre-basalt course of the Coal River was located just to the
west of the present course with basalt flows thickest in the river bed and thinning
laterally. There are several sections of these basalt flows exposed along the banks of the
modern Coal River.
There were a series of basalt flows as indicated in borelog RC3 on the property
"Carrington" (Leaman, 1971) where three basalt flows each, 3-7m thick, were
intersected at depths of approximately 2, 13 and 86m.
Quaternary deposits in the Coal Valley have been differentiated by Holz (1987)
and these will be discussed in more detail in this thesis.
8.2 Description of stratigraphic units
While hard rock geological formations of Triassic sandstone and Jurassic dolerite
are not the principal concern of this thesis they are a source of supply of clastic material
to the alluvial deposits and provide a reference for traverses.
The stratigraphic units have been differentiated using criteria such as morphology
and position of the deposits in the landscape together with composition and particle size
distribution. The sites and soils representative of each stratigraphic unit are shown in
Table 18. All elevations are given in metres ASL.
The Carrington unit is found on the western slopes of the valley, mainly from
Richmond to "Carrington", at elevations of 29-52m and on linear to concave slopes of
4-6%. The unit is composed of yellowish brown (2.5Y5/3) to greyish olive (5Y6/2)
sandy clay to medium heavy clay (sandy) material which appears to be mainly reworked
Tertiary sediments. The Carrington unit may be difficult to differentiate firom Tertiary
sediments but the presence of clastic material at depth, including dolerite, sandstone and
ferricrete in a sandy clay to sandy clay loam matrix and the absence of large ferricrete
deposits on or near the surface are diagnostic features. At some sites no dolerite clasts
were described.
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Two soils occur in this unit: Carrington and the Carrington gravelly variant. The
duplex to gradational (Northcote, 1979) profiles have sandy clay loam to sandy clay A
horizons overlying dull yellowish brown (10YR4/3) to greyish yellow brown (10YR4/2)
upper B2 horizons and 10YR5/4, 10YR6/4 to 10YR6/2 lower B2 horizons. The gravelly
variant is characterized by common, medium gravelly, mainly ferricrete clasts probably
originating from ferricretes in the Tertiary sediments. Sand infills were found preserved
at depths below a metre in these soils.
The unit has been deposited by the action of gully, sheet and rill erosion together
with debris-flows and possibly mass movement on the slopes. The presence of sand and
gravel deposits at the base of the unit suggests that lateral corrasion by small streams
originating in the foothills to the west has been involved. Evidence for debris-flows was
found at 240-260cm depth in profile CR132 where there is a layer of dolerite, sandstone
and ferricrete clasts to 4cm diameter in a clay matrix.
The Nugent unit occurs from Campania to Richmond at elevations of 18-53m
over a distance of 6km. The surface of the unit has linear to concave slopes of 2% over
distances of commonly 300-500m but up to 750m. Most of the unit occurs on the
western side of the valley but there is some on the eastern side around the northern
boundary of "Inverquharity". The unit is l-3m thick and consists predominantly of
medium heavy clay (sandy) and sandy clay. At the base of the unit there is commonly a
10-30cm layer of coarse sandy loam or coarse sandy clay loam with rounded clasts of
basalt, dolerite, ferricrete, sandstone and mudstone. Underlying hard basalt is separated
abruptly from overlying material at most sites but occasionally up to 50cm of
decomposing basalt may be encountered.
Three soils have formed in the unit; Nugent, Southfork and Southfork gravelly
variant. They are duplex to gradational soils with sandy loam to sandy clay A horizons
overlying brownish black (10YR3/2) to dark greyish yellow (2.5Y4/2) upper B2 horizons
and dull yellowish brown (10YR4/3) to olive yellow (5Y6/4) lower B2 horizons. Sand
infills were found in the soils of this unit.
The Nugent unit was formed by similar slope processes to those which formed
the Carrington unit. The sand and rounded-gravel deposits at the base of the unit suggest
that small streams have been responsible for pedimenting the surface of the underlying
basalt. The source of the Permian clasts is probably previous alluvial deposits of the Coal
River that have been reworked eg., the Enfield unit.
The Enfield unit is a terrace remnant found at elevations of 46-6Im on the
western side of the Coal Valley approximately 20-25m above the modern channel of the
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Coal River. No comparable deposits were found on the eastern side of the valley. The
unit is dissected but the best preserved surfaces slope at 1-2% to the east. Up to 2.9m of
the Enfield unit overlie Tertiary sediments which are commonly exposed downslope to
the east. In some areas the western margins of the unit are buried by colluvial deposits of
predominantly doleritic origin.
The Enfield soil (Holz, 1987) developed on the Enfield unit is duplex with a
sandy loam to sandy clay loam A horizon overlying a brown (7.5YR4/3 to 10YR4/4)
medium clay (sandy) B2 horizon. Underlying the clay B2 horizon there are often dull
yellowish brown (10YR5/4), coarse sandy clay loam to coarse sandy clay deposits with
few to many rounded clasts up to 6-8cm diameter of Jurassic dolerite, Triassic sandstone,
Tertiary basalt, ferricrete, and Permian mudstone. Weathering rinds on the dolerite clasts
were observed to be mostly < l-2mm thick. Given the landscape position and relative
age of this unit, thicker dolerite weathering rinds might have been expected. However,
the dolerite clasts inspected were from well-drained, coarse-textured deposits and so may
not have been subject to the same intensity of weathering as those in the more poorly
drained, fine-textured deposits of the Radar unit on the University Farm. Identification of
Permian clasts in these deposits was critical to understanding their mode of formation
since there are no Permian outcrops in the Coal River Tier to the west of these sites.
Close inspection of clasts from profile CR172 revealed some of Permian mudstone with
drop grains and some small clasts of volcanics and quartzites, typical of rocks from the
west coast of Tasmania and found as dropstones in the Permian mudstones (Banks,
pers.com.). Basalt clasts would also be useful indicators of the source of the sediments in
this unit but given the problems in distinguishing between basalt and some fine-grained
dolerite clasts (from the chilled margins of the intrusions) it was decided to rely on the
Permian clasts.
Well-developed sand infills were found in the Enfield unit which is interpreted as
a terrace associated with a prior channel of the Coal River. Typical of many of the
alluvial deposits in the valley, the unit consists of a lower fades of channel-fill gravel
and probable point bar deposits of sand, overlain by finer-textured (though still sandy)
vertical accretion deposits.
The Coal unit occurs on level plains with slopes of 0-1 % at elevations of 19-56m
from Richmond to the property "Mallow", just north of Campania. The Coal unit is an
alluvial terrace of the Coal River. Most of the unit is composed of finer-textured vertical
accretion deposits which overlie a basal unit of channel-fill sediments. The unit is of
variable depth ranging from 40-60cm to 2m and overlies basalt. It is composed
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predominantly of light medium clay (sandy) to medium heavy clay (sandy) and at the
base of the unit there is commonly a layer up to 50cm thick of dull yellowish brown
(10YR5/4) to dull yellow orange (10YR6/4) sand and rounded clasts up to 6-8cm
diameter. The lithology of the clasts includes basalt, dolerite, ferricrete, sandstone and
mudstone. Sand infills were not observed in this unit.
On the property "Nugent", a small rise some 200m long, 50m wide and l-2m
above the surrounding Coal unit provides stratigraphic evidence that the Coal unit is
younger than the Nugent unit (AMG5270100 535800). The rise appears to be a relict of
Nugent unit which has been stranded away from the slopes with which it was associated.
Following deposition of the Nugent unit a period of incision truncated the toe of the unit
leaving an isolated remnant around which sediments of the Coal unit were deposited.
The Richmond unit is interpreted as a relict levee of the Coal River since it
occurs as a narrow strip along the bank of the Coal River above modern flood height. It
occurs from Richmond to "Riversdale" at elevations of 16-34m and is composed of
bright brown (7.5YR5/6) to bright yellowish brown (10YR6/6) sandy clay, sandy clay
loam and sandy loam. Where described overlying basalt, the base of the unit usually
consisted of about 30cm depth of sand with few rounded basalt clasts to l-2cm diameter.
At one site, basalt clasts up to 4-5cm diameter were described. On "Carrington", coarse
gravel and cobble deposits are exposed below the surface of the unit although the
relationship between the gravel and the surface of the unit could not be accurately
determined. However, the gravel clearly represents a higher level, prior channel of the
Coal River. The unit as described from angered profiles and Proline cores is up to 2.3m
thick but may be up to 8m thick as indicated in the borelog on "Inverquharity" (Anon,
1983).
The Richmond unit is considered to be younger than the Coal unit. On
"Inverquharity" the Richmond unit occurs on a terrace below the Coal unit, although at
other locations along the river the two units occur at similar elevations. No sand infills
were observed in the Richmond unit.
The Apricot unit occurs on "Inverquharity" as a terrace some l-2m above the
modern floodplain of the Coal River and several metres below the Richmond unit. It is
composed of 70-110cm of sandy clay and fine sandy clay overlying brown (7.5YR4/4) to
bright brown (7.5YR5/6) sand and gravel. The surface of the unit is undulating and a
backswamp has formed against the bank cut into sediments of probable Tertiary age on
the eastern side. The base of the unit is composed of channel-fill deposits including
dolerite, basalt, sandstone and mudstone gravel to 7cm diameter.
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The Coal River floodplain unit is 5-7m below the Richmond and Coal units and
l-2m below the occurrence of the Apricot unit on "Inverquharity".
The floodplain has well developed backswamps and drainage depressions which
carry overbank streamflow. The sediments are mostly fine-grained clay loams and clays
there being no significant deposits of sand, though locally there are splays of gravel and
sand where the stream has broken its banks and flowed over the floodplain.
There is no evidence of levee development along the edges of the floodplain
except on "Roslyn" where there is a weakly developed levee above the eastern bank with
an accompanying reduction in particle size from the bank across the floodplain to the
backswamp. There is a considerable amount of charcoal in this deposit which should be
suitable for dating.
Although there is considerable overlap, there is a downstream trend in the
distribution of the soils.
8.3 Description of selected traverses
The stratigraphy of the alluvial deposits in the Coal Valley was determined from
hand angered profiles and Proline cores and the elevation of each site was interpolated
using 1:10 000 orthophoto maps with 5m contour intervals.
Three east-west traverses are described in this thesis which show the relationships
among the major stratigraphic units. The location of each traverse is shown in Appendix
1.
8.3.1 Strelley traverse
The Strelley traverse (Fig.28) includes sites CR9, CR132, CR8, CR7, CR90,
CR89, CR88, CR215 and CR15. Profiles CR132 and CR215 were described from a
Proline core and specimens have been analysed. The traverse runs from the footslopes of
Coal River Tier in the west, across the Coal River Valley to outcropping Tertiary
sediments, Jurassic dolerite and Triassic sandstone in the east.
Profiles CR9 and CR132 intersect sediments of the Carrington unit. Neither
profile extended to the underlying Tertiary sediments but in CR132 the Proline reached
2.7m before gravel halted progress. The presence of Tertiary sediments can be inferred
because of the structure of the valley with the deepest sediments in the west of the graben
and the exposure of Tertiary sediments upslope in old lime quarries. Lime deposits have
formed where Ca-rich groundwater draining from the Jurassic dolerite above encountered
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less permeable sediments. Magnetic traverses across these sites have shown the dolerite
contact approximately 75m to the west of CR9 (Anon, 1983) as shown in Fig. 28.
The surface of the unit is dissected with broad shallow depressions formed by the
action of small ephemeral streams emanating from the footslopes in the west.
The difficulty in distinguishing between in situ Tertiary and reworked Tertiary
sediments is demonstrated by adjacent profiles CRIO and CR132 which are about 70m
apart across the slope but in a similar position down the slope. CRIO was hand angered
to 120cm; no clasts were encountered and the material had a Tertiary character. CR132
was very similar to CRIO but very few 6-20mm clasts were described from 95cm depth
and few to many clasts from 240-270cm depth. Clasts were taken as evidence of
Quaternary deposits because the Tertiary sediments in this area are mostly non-clastic
sands to clays. That is, apart from the absence of ferricrete deposits the only evidence for
Carrington unit was deep in the profile below the normal depth of hand angering.
East of CR132 there is a break in slope from 4% upslope to 0.5-1.0%downslope.
CR8 is interpreted as being in the Nugent unit. Again, confirmation of the unit was
difficult from the hand angered material but identifying clastic material was found in a
Proline core to the south, with coarse gravel at 3m depth.
CR7 intersects Richmond unit to greater than 120cm depth and CR90 intersects
Coal unit to 45cm.
CR89 intersects the aeolian Penrise unit to greater than 120cm depth. The aeolian
units will be discussed in detail later in this thesis (Chapter 11, below).
CR88 intersects a modern narrow alluvial floodplain of the Coal River on which
Roslyn soil has formed. The site is approximately 1.5km downstream from a nick point
in the Coal River thalweg at "Inverquharity" and the unit is considered stratigraphically
as part of the Churchill unit. In this entrenched tract of the river there are no deposits at
lower elevation.
Directly opposite CR88 a cliff face on the eastern bank of the Coal River exposes
basalt overlying light grey, mottled, sandy clay Tertiary sediments. Calcrete has been
deposited in the sediments immediately below the basalt.
Alluvial deposits above the basalt have been interpreted as Coal unit. Profile
CR215 intersects 260cm of Coal unit overlying basalt. Between this site and the river
there are some discontinuous coversands of aeolian Penrise unit. Variation in A horizon
texture indicates that extensive aeolian activity has affected soils in the Coal Valley.
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A small outcrop of basalt occurs upslope from profile CR215. Tertiary sediments
outcrop (CR15) above the basalt and are exposed in the adjacent road cutting (see Plate
17). Ferricrete is common in this outcrop of Tertiary clay sediments which also contains
well-preserved plant macrofossils.
8.3.2 Carrington traverse
The Carrington traverse (Fig.29) includes sites CR129, CR77, CR130, CR131,
CR80, CR137, CR139 and CR140. Profiles CR129, 77, 130 and 131 were described
from Proline cores and the remainder from hand-augered materials. CR129 was sampled
and specimens were analysed.
Approximately 375m to the west of CR129 at an elevation of 75m, a break in
slope is coincident with a boundary with Jurassic dolerite. Triassic sandstones also
outcrop in the foothills.
Profile CR129 intersects Carrington unit to 5m depth. In the upper 2.5m of the
unit there are few to many, rounded sandstone, dolerite and ferricrete clasts to 4-5cm
diameter but there are only very few, rounded sandstone and ferricrete clasts in the lower
2.5m. The surface of the unit slopes at 4-6% in the form of a fan from a small catchment
in the foothills and there are several incipient divergent channels orientated to the
north-east.
Profile CR77 is located to the east of the break in slope below CR129. The site
intersects 2.5m of Nugent unit with over a metre of clastic material towards the base of
the unit. The rock bit on the Proline was unable to penetrate past 2.5m and the nature of
the underlying material could not be confirmed. The site of borelog RC5 recorded by
Leaman (1971) is located just to the north-west of this site and only Tertiary sediments
were described to 200m depth.
Profiles CR130 and CR131 intersect Nugent unit sediments to depths of 2.5m
and 2m respectively. Decomposing basalt 60cm thick was encountered at the base of
CR130 but CR131 bottomed on relatively unweathered basalt.
Profile CR80 on the west bank and CR137 to the east of the Coal River intersect
Richmond unit. A prior channel of the Coal River meandered some 200m to the west and
to the east at this point, which also coincides with a nickpoint in the existing channel.
Gravel deposits exposed below these profiles are composed of abundant basalt cobbles
and stones. A borelog adjacent to CR137 (Anon, 1983) intersected no basalt, only
Quaternary and Tertiary sediments.
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Profile CR139 intersects 80cm of aeolian Inverquharity unit overlying an
unidentified unit of Quaternary alluvium. Profile CR140 also intersects this unnamed unit
of Quaternary alluvium (probably of local origin) which has been deposited in a drainage
depression at the base of footslopes underlain by Triassic sediments.
8.3.3 Inverquharity traverse
The Inverquharity traverse (Fig.30) includes sites CR172, CR302, CR175,
CR164, CR216, CR152 and CR136. Profiles CR172, CR302, CR216 and CR136 were
each described from a Proline core and the remaining profiles from hand angered
materials. Profiles CR302, CR216 and CR136 were sampled and specimens were
analysed.
Profile CR172 intersects Enfield unit sediments to a depth of 2.9m. Calcrete at
this depth was impenetrable with the rock bit but probably marks the discontinuity to
underlying Tertiary sediments. A check site downslope to the east intersected Tertiary
sediments at approximately 4m below the surface of the unit. Less than 200m to the west
of CR172 is a dolerite hillslope.
Profile CR302 intersected Tertiary sediments to 160cm depth. Many ferricrete
concretions were exposed on the surface or were observed at shallow depth in the surface
material around the site and fragments were also found to 80cm depth. A light olive grey
(5GY7/1) silty clay was encountered from 80cm depth. This material is particularly
impermeable and appears to be responsible for salt patches along the slopes in this part
of the valley. The groundwater in the Tertiary sediments is generally of poor quality
(Leaman, 1971) and beds of the impermeable clay create a hydraulic discontinuity which
forces the water near the surface. CR27, located 300m to the south of CR302 has a water
table within 5cm of the surface with an electrical conductivity of lldS/m.
Profile CR175 intersects 50cm of Coal unit overlying basalt. Basalt without any
mantle of alluvial deposits outcrops to the north of this site.
Profile CR164 on the floodplain below CR175 intersects 85cm of black
(lOYRl.7/1) medium heavy clay overlying dull brown (7.5YR5/4) sandy clay.
Profile CR216 was cored to 2m depth on a terrace of the Coal River some 5-6m
above the floodplain. The surface here is undulating with variations in height of about a
metre. At this site, a 50cm depth of Richmond unit was intersected overlying apparent
Tertiary sediments continuous at 2m depth. Other siteson the terrace intersected over a
metre of Richmond unit. The grade of sediments varies across the unit and there appears
to have been some aeolian reworking.
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North-east of CR216 a scarp rises about 3m to an extensive terrace. Profile
CR152 was augered on the scarp and intersects Tertiary sediments which outcrop below
basalt. CR136 is located on the terrace and intersects nearly 2m of Coal unit overlying
basalt. The thickness of Coal unit across the terrace varies from about 60cm up to 2m.
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CHAPTER 9
GEOMORPHOLOGY of the COAL RIVER VALLEY
9.1 Review: Terraces
An alluvial terrace represents the "former level of the floodplain of a river" (Leopold,
Wolman and Miller, 1964).
It is an abandoned floodplain whose surface no longer bears the normal relation to the
stream bed and may be defined by the frequency of flooding. A difficulty in identifying a
terrace lies in determining what frequency of flooding distinguishes a terrace from a
floodplain. It appears that any resolution of this difficulty must remain qualitative. Thus
Ruhe (1975a, p79) argued that "any surface frequently modified by scour and/or
deposition should not be termed a terrace", Speight (1990) defined a terrace as a "former
floodplain on which erosion and aggradation by channelled and over-bank stream flow is
barely active or inactive because deepening or enlargement of the stream channel has
lowered the level of flooding".
A terrace is bordered by a scarp descending to a lower level and the scarp may be
regarded as a component of the terrace. Strath terraces which are cut in bedrock are
differentiated from cut and fill terraces which are composed of alluvium. An attractive
morphological feature of terraces is that they may occur as a series of steps along the
valley sides (eg. Quinn, 1957). Paired terraces, that is, those that occur at the same
elevationon both sides of a valley, are taken as evidence of episodic downcutting by
streams. Unpaired terraces are evidence of progressive downcutting by streams as the
stream swings from side to side along its valley.
Possible relationships between valley fill and terrace development have been
demonstrated by Leopold, Wolman and Miller (1964, p460) in distinguishing between
inset and overlapping terraces. Warner (1971) found in NSW that the type of terrace may
vary down river, with incised terraces in upstream tracts, inset terraces in the mid to
lower stream tracts and overlapping alluvial deposits in the lowest stream tracts.
Landform has been often used as a tool to identify terraces. However, Frye and
Leonard (1954) warned of the danger of misinterpretation due to differential erosion of
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clastic deposits and bedrock, of overlying colluvial deposits, of terraces buried by loess
and of flanking pediments which may obscure or imitate a terrace.
Floodplains are formed by the deposition of material within the chaimel meander belt
(lateral accretion deposits), and by overbank streamflow (vertical accretion deposits)
(Wolman and Leopold, 1970, pl66). Although lateral accretion deposits are usually
coarser than vertical accretion deposits, it may be difficult to differentiate between them
since the nature of the material depends on the sediment load of the stream. Schumm
(1977, p206) demonstrated differences in channel and valley-fill deposits for three
different types of streams. Lateral accretion deposits are often 70-75% sand, vertical
accretion deposits 35-60% clay and channel fill is poorly sorted silt, sand and gravel
(Lattman, 1960).
Wolman and Leopold (1970, pl78) observed that lateral accretion deposits comprised
80-90% of normal floodplain sediment, with only 10-20% comprised of vertical accretion
deposits. However, Gerrard (1981) suggested that overbank deposits assume greater
importance in the tropics due to the finer grained sediment loads and frequent flooding.
The significance of terraces is that they mark former levels of the valley floodplain
and therefore reveal changes in stream behaviour. The processes of terrace formation and
associated landscape and climatic interpretations are somewhat controversial.
The fundamental controls on terrace development are tectonic and climatic according
to Leopold, Wolman and Miller (1964, p474) and Walker (1984). Some authors eg.,
Ruhe (1975a, p80) have given special emphasis to eustasy although this could also be
considered a consequence of climatic change. Many prior studies (especially in Britain)
have attempted to explain terraces by relating them to former sea levels using the
nickpoint hypothesis of Baulig (1935) and postulated prior sea levels eg., Zeuner (1959).
This approach is attractive and has been used by several workers in Australia eg.. Ward
(1977). However, Clayton (1977), after a review of British terrace studies concluded that
"as a key to the fluctuation of Quaternary sea-levels, river terraces seem to have led
us nowhere at all".
Walker (1984) did not preclude correlation with proposed Quaternary sea levels and
suggested that such correlations may he useful in establishing coastal floodplain
stratigraphy.
In reviewing Quaternary fluvial research in Australia, Walker and Butler (1983) and
Walker (1984) showed that although the most commonly accepted causative factor for
fluvial landform development was climatic change, the importance of tectonic activity
had been underestimated. They also discussed the importance of extending studies of
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fluvial landscapes to hillslopes and whole catchments, particularly with respect to the
supply of sediment.
The problems of relating terrace development to climatic or eustatic change appear
when correlations are attempted from one river system to another. It is then that the
relationships that were apparent within one river system begin to break down.
Correlation of river terraces by using landform is particularly tempting but the pitfalls
have been well documented over the years. In 1944, Johnson warned of the importance
of accurately measuring specific parts of terraces. Paired terraces can be used for
correlation but because unpaired terraces represent progressive downcutting, remnants on
valley sides have no particular significance (Schumm, 1977 p211; Cotton, 1940; Frye
and Leonard, 1954). Features which can be used for correlation include stratigraphic
discontinuities between terrace fills, differences in particle size, sorting and sedimentary
structures, fossil fauna/flora, artifacts, palaeosols, frost features and physiographic
relations to other landforms (Leopold, Wolman and Miller, 1964 p467).
In Australia, correlation of terraces has been attempted by Bowler (1967) and by
Walker and Coventry (1976). They found inconsistencies between terrace heights and
radiometric dates although Walker and Coventry concluded that soil development on
terraces was part of one pedogenic pathway. In the Bellinger valley, Warner (1972)
found that no single means of identification was adequate and that as many different
approaches as possible were required. These include the use of longitudinal profiles of
terraces, and stratigraphic and weathering characteristics of deposits. However, Warner's
units were based essentially on the degree of alteration of the sediments and the state of
stratigraphic preservation.
Schumm (1977) appeared to offer an explanation for the inconsistencies among river
systems in terms of his concepts of complex response and geomorphic threshold. These
take into account the individuality of each river system with respect to
a) the type of response to an external change (eg. climate) and,
b) the timing of that response.
Given these concepts it is not surprising that attempts at correlation have been
frustrating.
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9.2 General structural controls on landform
Before discussing the Quaternary history of the Coal River Valley, it is useful to
reiterate the general geological structure of the valley since it is within this framework
that the existing landforms have developed.
The Coal River Valley runs almost exactly north-south and the valley sides are cut in
Triassic sandstone and Jurassic dolerite. The Tertiary graben (deepest in the west), was
filled with (lacustrine) sediment during the Eocene and Oligocene. In some areas, these
sediments are faulted and dip to the west. Basalts of Oligocene to Miocene age (K/Ar
24.2ma) flowed down the valley in prior channels of the Coal River and in some areas
were subsequently covered by sediment. The flows thinned laterally away from the
channel and longitudinally from Campania to Richmond.
The Coal River is still flowing in a similar position to that which it has occupied since
the early Tertiary, and the lower slopes of the valley are composed of shallow
Quaternary alluvial and aeolian deposits overlying Tertiary sediments and basalts.
9.3 Longitudinal profiles of the Coal River channel and alluvial deposits.
The thalweg of the Coal River channel upstream from Morgans Point in the estuary is
shown in Fig.31. The elevations were taken from a 1:10 000 orthophoto map with 5m
contour intervals and the distances measured with an odometer. Since the valley runs
almost exactly north-south, a thalweg was prepared using the AMG northing of each 5m
contour interval (Fig.32). A comparison of the two figures shows the thalwegs to be very
similar and this allowed two-dimensional longitudinal profiles of the fioodplain and
terraces to be prepared using the AMG coordinates of profile sites, a relatively simple
procedure. The use of the AMG coordinates rather than distances measured along the
channel would be valid in any case for those deposits not linked directly to the existing
channel.
A major feature of the thalweg of the channel is a nickpoint at 20m elevation which
coincides with a basalt outcrop in the bed of the river on "Inverquharity". Upstream from
this point the river has a gradual curve with no irregularities as far as the Brown
Mountain road north of Campania even though the river flows through a narrow gorge
cut in basalt from approximately 500m north of "Penrise" to approximately 750m south
of the Brown Mountain Road.
Longitudinal profiles of the major terraces and the fioodplain of the river were also
prepared using the AMG coordinates and elevations from the orthophoto map of the land
surface at described profile sites.
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The longitudinal profiles of the Enfield, Coal, Richmond and Churchill units are
shown in Fig.33. The profiles show a clear vertical segregation of the sites of the Enfield
and Churchill units from the Coal and Richmond units. All units clearly diverge from the
existing channel below the nickpoint, the divergence being more marked for the Coal and
Richmond units.
There is a slight divergence of the Churchill unit from the thalweg above the nickpoint
and this is due to the use of the AMG coordinates where the channel runs to the west for
over one kilometre.
The longitudinal profiles of the Carrington and Nugent units are shown in Fig.34.
These show that the Carrington unit is generally at a higher elevation than the Nugent
unit though the surface expression of the boundary between the two units was often
difficult to identify. The presence or absence of Permian mudstone or Tertiary basalt
clasts was not always a clear indicator because of the scarcity of Permian clasts and the
similarity between some Jurassic dolerite and Tertiary basalt clasts.
The longitudinal profiles of the Enfield, Carrington, Nugent and Coal units are shown
in Fig.35. There is no vertical segregation between the Enfield and Carrington units but
there is between the Enfield and Nugent units. Of particular interest is the overlap in
elevation between the Nugent and the Coal units because the presence of infills in the
Nugent unit and pedological evidence indicates that the Coal unit is younger than the
Nugent unit.
9.4 Synthesis
The stratigraphy and composition of the clastic deposits in the Coal River Valley can
be explained by processes associated with alluviation and pedimentation. Stratigraphic
evidence suggests the relative ages of the alluvial units from oldest to youngest are
Enfield, Coal, Richmond, Apricot and Churchill. These alluvial deposits are related to
existing and prior courses of the Coal River. The occurrence of Permian clasts together
with the essentially horizontal attitude of the deposits indicates deposition associated with
a river flowing parallel to the longitudinal axis of the adjacent summits.
There are no deposits on the eastern side of the valley, suggesting progressive
downcutting by the Coal River, although the eastern side of the valley is cut
predominantly in Triassic sandstone and Jurassic dolerite and would be expected to be
more resistant to erosion and incision than the Tertiary unconsolidated sediments
occupying much of the western side of the valley.
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9.4.1 Enfleld, Coal and Richmond units
The longitudinal profile of the Enfield unit indicates that the deposits were associated
with a prior course of the Coal River but have been isolated from alluvial processes for a
considerable time.
The longitudinal profile of the Coal unit is less than 10m above of the existing channel
of the Coal River but is not influenced by the nickpoint. This suggests that the unit was
either deposited before the nickpoint developed or when it was not influencing the
thalweg of the river eg., during periods of high discharge. The elevation of the nickpoint
is about 20m, an elevation which happens to coincide with the generally accepted height
of the Last-Interglacial sea level in Tasmania (Banks et al, 1977; Chick, 1971; Colhoun
et al, 1982; Colhoun, 1975; Van de Geer et al, 1979).
Given the structure and lithology of the Tertiary unconsolidated sediments and basalt
along the course of the river and their presumed differences in resistance to incision, it
might be expected that nickpoints would form from time to time as more resistant rocks
were encountered. That is, the location at +20m could be coincidence in relation to a
proposed eustatic control. However, there are no other nick points along the river despite
several changes in the lithology of rocks incised by the channel.
It is concluded then that the Coal unit must have been deposited before the nickpoint
was developed. The gravels at the base of the Coal unit can be interpreted as channel-bed
deposits, that is, they reflect the base level of the floodplain. If the unit was deposited
after the nickpoint had formed as a result of high stream discharges, then the sediments
should be consistent with finer grade vertical accretion deposits without the coarse
fragments observed throughout the profile. Thus, if the nickpoint was formed as a result
of a higher sea level at the height of the Last-Interglacial then the Coal unit would be
older than 110-120 OOOy.
Following deposition of the Coal unit there was a period of stream incision reducing
the elevation of the channel by 5-9m. This was due perhaps to milder climatic conditions
which reduced the supply of sediment and led to an increase in the erosive energy of the
Coal River. Alternatively, the incision may have occurred as the stream maintained its
grade during tectonic uplift.
If the nickpoint was formed during the Last-Interglacial it is of interest that there is no
evidence of alluvial sedimentation during this period since no depositional stratigraphic
units have been found graded to the nickpoint.
The location of the Richmond unit indicates that it is related to the existing charmel of
the Coal River. It generally occurs along the banks of the incised charmel but it also
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occurs along "meanders" of a prior channel on "Inverquharity" and "Carrington",
immediately below the nickpoint. Interpretation of the longitudinal profile of the
Richmond unit is problematic. Whereas the longitudinal profile of the Coal unit is
considered to be a true indication of base level at the time of its deposition because the
depth of the unit was never found to be more than l-2m, the depth of the Richmond unit
is more variable. Profile sites described in this study intersected up to 2.3m of the unit
overlying basalt but this may not be representative of all Richmond unit deposits. A
borehole on "Inverquharity" recorded 8m of Quaternary gravel (vide Anon, 1983) which
may be Richmond unit and an exposureon "Carrington" of predominantly basaltic coarse
gravel and cobble appears to be the base of the unit at about 3-4m depth. The
longitudinal profile of the surface of the unit indicates that, as with the Coal unit, there
was no influence of the nickpoint at the time of deposition. However, given the deeper
deposits of the Richmond unit below the nickpoint, a longitudinal profile of the base of
the unit may show some influence of the nickpoint.
The relationship to the existing channel and the sandy field texture of the deposits
suggests that the Richmond unit was deposited when the discharge of the Coal River was
much greater than it is today. Colhoun (1977d) has suggested a pre-Last Interglacial age
for alluvial deposits at +30m along the Derwent Valley. These are characterised by
coarse gravel and cobbles indicating a high energy river system, possibly operating in a
cold climate. Goede (1965), Davies (1974) and Colhoun (1975) have commented on the
underfit nature of many modern streams and have ascribed evidently greater past
discharge to glacial conditions.
The redness of the unit when compared to most other units in the valley suggests that
it may have been formed during a period of warmer climate. However, the sands and
gravel at the base of the Apricot unit are also reddish and these appear to be early
Holocene or late Pleistocene. In addition, the sands in the source-bordering dunes also
have reddish hues and these are almost certainly late Pleistocene in age.
Above the nickpoint, the terrace on "Inverquharity" as shown in the Inverquharity
traverse, establishes that the Richmond unit is at a lower level and so younger (given the
nature of the sediments ie., levee) than the Coal unit. South of the nickpoint, separation
of the two units on the basis of landform is not so clear since they both occur at similar
elevations. Unfortunately, no sites were described where the two units were found
superimposed since the Richmond unit often directly overlies basalt.
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9.4.2 Apricot and Churchill units
The floodplain of the Coal River is mostly 200-400m but up to 1km wide. The
Apricot unit forms a low terrace only l-2m above the modern floodplain. The lower part
of the unit is formed from lateral accretion deposits and the upper Im by vertical
accretion deposits.
The Churchill unit is formed from predominantly vertical accretion deposits ranging
from clays to clay loams. The longitudinal profile of the Churchill unit shows a
divergence between the floodplain and the river channel below the nickpoint. The
difference in elevation between the channel and the floodplain has not been accurately
measured but appears to be of the order of l-2m at most. There are narrow benches
developed downstream from the nickpoint which are not found above it.
This divergence of the Churchill unit may reflect either a higher Holocene sea level or
a gradual emergence of the land since its deposition. Davies (1959b, 1961) suggested
mid-Holocene sea levels at +0.6-0.9m and Bowden and Colhoun (1984) have shown a
relative lowering of the mid-Holocene sea level by 1.26m. C '^* dates by Goede
(pers.comm.) and Colhoun (1985b) indicate that the floodplain deposits are mid to late
Holocene ie., approx. 5000-2 OOOy BP. A profile in the Churchill unit just to the north
of St.John's Church intersects only 50-70cm of clays overlying sand and gravel below
this depth. This may indicate that the period of deposition of the clays has been less than
for deposits above the nickpoint where the thickness of clay sediment is greater. The data
support the notion of a relative lowering of sea level since the mid-Holocene but do not
indicate whether the change was due to an absolute or relative change in sea level. The
island of Tasmania appears to have been uplifting at an average rate of 0.22m/ka
(Bowden and Colhoun, 1984) and given the conflicting evidence on eustatic change
discussed by Hopley and Thom (1983) tectonic uplift appears to be a more appropriate
explanation.
Material suitable for C" dating was found only in the modern floodplain deposits,
providing the only absolute control on the age of the deposits. No further carbonaceous
material from the Churchill unit was dated in this study because the age of the deposits
had already been established. The Apricot unit is thus considered to be older than
mid-Holocene.
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9.4.3 Carrington and Nugent units
The Nugent and Carrington units differ from the terrace deposits because of their
landform. The surfaces of the units slope at 2% (Nugent unit) and 4-6% (Carrington
unit). Such slopes are not consistent with essentially horizontal floodplain deposits.
Alluvial deposits might have a sloping surface if subject to erosion post-deposition but in
this case, the surface of the underlying stratigraphic unit, either basalt or Tertiary
sediments, also slopes parallel to the modern subaerial surface. In addition, post-
deposition erosion to form the slope would expose gravel where the subaerial surface
intersected the base of the unit and no gravel was found which could be interpreted as a
lag deposit. Although it was difficult to determine the thickness of the Carrington unit
near the adjacent hillslopes, both the units show relatively uniform thickness downslope.
This indicates that they were formed by slope processes acting normal to the hillslope
contours and not by processes acting parallel with them.
These units are therefore interpreted as flanking pediments, erosional landforms
described by Frye and Leonard (1952, 1954), Frye and Smith (1942) and by Ruhe
(1967). In their 1954 paper entitled "Someproblems of alluvial terrace mapping", Frye
and Leonard recognized the possibility of confusing flanking pediments with alluvial
terraces. Flanking pediments differ from pediments in their
"magnitude and their consistent control by the position of through flowing streams"
(Frye and Leonard, 1952),
that is, they grade to streams or to terraces. Flanking pediments may have veneers of
sediment up to 6m thick and vary in character from
"well sorted to very poorly sorted though their lithology in all cases reflects the
upslope source".
Their ideal expression is in
"thick relatively homogenous or massive rocks".
The sediments and landforms are a function of processes acting on the slopes. Frye
and Smith (1942) discussed the evolution of the slopes in the Cimarron Valley in Kansas
and argued that the processes involved include the headward and lateral cutting of
numerous minor streams, sheetwash, weathering creep and mudflow. Clearly, any of the
processes normally associated with pedimentation could be significant to the development
of a flanking pediment.
The Nugent and Carrington units are distinguished by landform (Carrington unit
occurs on steeper slopes adjacent to the hillslopes and above the Nugent unit) and
lithology of the sediments (the Carrington unit has no basalt or Permian clasts). The
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Permian clasts in the Nugent unit can be explained by reworking of the Enfield terrace
deposits from higher in the landscape. The longitudinal profile of the Enfield unit shows
that it is a potential source of clastic material. The presence of sand and gravel deposits
at the base of both the Carrington and Nugent units suggests that streams flowing away
from the hillslopes to the west have been a significant factor in their formation as
flanking pediments. There is some evidence for debris-flows in the Carrington unit and it
is probable that rill and sheet wash have played a significantpart in the deposition of the
finer grade material towards the top of each unit.
Sand infills occur in the Enfield unit and at depth in the Nugent and Carrington units
indicating that these units were deposited before the Coal and Richmond units in which
sand infills have not been found.
The alluvial stratigraphic units described in the Coal River valley and listed in
proposed increasing age include
• Churchill
• Apricot
• Richmond
• Coal
• Carrington
• Nugent
• Enfield
• Tertiary sediments/basalt
• Jurassic dolerite
• Triassic sandstone
• Permian mudstones
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Figure 31: Thalweg of the Coal River measured with an odometer
from a 5m interval contour map
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Figure 32: Thalweg of tfie Coal River channel using the AMG northings from a 5m interval contour map
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Figure 33: Longitudinal profiles of the surfaces of the Enfield, Coal, Richmond and Churchill units and the thalweg of the
Coal River channel
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Figure 34: Longitudinal profiles of the Carrington and
Nugent units and the thalweg of the Coal River channel
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Figure 35: Longitudinal profiles of tfre Carrington, Enfield, Nugent and Coal units
and tfre thalweg of tfie Coal River channel
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CHAPTER 10
SOELS of the LOWER COAL RIVER VALLEY
The soils to be discussed in this chapter have been studied within an area of 2695ha
extending north from the town of Richmond and comprising the valley floor stratigraphic
units of the lower Coal River Valley discussed in Chapter 9 (above).
The diverse soils of this area were included in a single mapping unit, "soils of alluvial
deposits", in Sheet 75-Brighton of the 1:63 360 scale Reconnaissance Soil Map of
Tasmania (Dimmock, 1957). The distribution of the many distinct soil profile classes
identified in the present study has been shown at a scale of 1:25 000 in a new map,
"Soils of part of the lower Coal River Valley" (Appendix 1) and general descriptions of
the profile classes and the mapping units have been given by Holz (1987). Of a total of
304 profiles examined, 249 have been described to 120cm depth using a hand auger (or
to a lesser depth where material was encountered that could not be excavated by this
means), 30 have been described to 150cm depth (hand auger) and 25 to more than 300cm
depth using a Proline coring drill. All specimens for laboratory study were taken from
Proline cores in which the soil structure was generally undisturbed. Morphological
descriptions and analytical data for the soil profile classes sampled in this way are given
in Appendices 4 and 5.
The soil profile class and stratigraphic unit for each representative profile site is given
in Table 18.
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Table 18: Representative profile, soil profile class and stratigraphic unit for soils
sampled in the Coal Valley north of Richmond.
Profile Soil Profile Class Stratigraphic Unit
Alluvium
CR303 Enfield Enfield
CR221 Enfield Enfield
CR136 Coal Coal
CR215 Strelley Coal
CR220 Riversdale Coal
CR133 Richmond Richmond
CR216 Pines Richmond
CR217 Apricot Apricot
CR222 Churchill Churchill
CR299 Roslyn Churchill
CR296 Stockdale Churchill
Pedisediment
CR129 Carrington Carrington
CR312 Carrington Carrington
CR218 Southfork Nugent
CR300 Southfork/Nugent Nugent
CR301 Southfork Nugent
CR304 Southfork Nugent
Aeolian
CR298 Penrise Penrise
CR134 Inverquharity Inverquharity
Other
CR219 Laburnam Tertiary basalt
CR302 Daisy Tertiary sediment
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10.1 Review : Soil development on terraces
There is a large body of literature relating to changes in soil morphology and
physical and chemical properties with time. In this study the terrace deposits provide an
opportunity to examine such changes as part of a post-incision chronosequence (Vreeken,
1975).
There have been a number of studies undertaken in alluvial landscapes on the
Australian mainland which provide a basis for anticipated pedological trends and changes
in soil profile morphology. Walker and Coventry (1976) compared trends in pedological
development over a number of terrace sequences involving medium grade sediments
across a range of modern climates and concluded that the direction of pedogenesis has
been essentially unchanged for at least the past 30 000 years. It should be possible to
interpret the soils of the terraces in the Coal Valley in light of trends described by these
workers.
In one of the earliest studies, Walker and Hawkins (1957) identified six alluvial
formations in the Nepean Valley west of Sydney, New South Wales. They grouped the
soils on these units into lateritized, podzolized and immature profiles and estimated the
lateritized soils to be older than mid-Pleistocene on the basis of sea level correlations.
Subsequently, Walker (1962a) linked stream aggradation and incision near Nowra,
south coastal NSW, to periods of landscape instability and stability through three K-
cycles (Butler, 1959). Solodics and podzolic soils were observed to have developed in
sediments of the oldest cycle (K3) dated at 29 OOOyBP, minimal podzolic soils (K2) dated
at 3740yBP, minimal prairie soils (Kl) dated at 390yBP and alluvial soils (KO) dated at
0-120yBP.
Krasnozem and strongly differentiated podzolic soils were found on the oldest of
five terraces of the Macleay River (north coastal NSW). Two younger terraces with
gradational soil profiles were dated at 6425y and 3280yBP (Brewer and Walker, 1969;
Walker, 1970).
In a very detailed account of the stratigraphy of terraces in the Maribyrnong
Valley, Victoria, Bowler (1970) concluded that red-brown earths had formed on one
terrace over a period of 31 OOOy to 15 OOOyBP, a chernozem-like soil had developed on
a 6-8,000y old terrace and a weakly developed black alluvial soil in a 2000 year old
sediment.
Ward (1977) and Little and Ward (1981) correlated six terraces in south-east
Victoria with Pleistocene sea levels to establish a chronosequence from 763000y
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(Paleustalf) to 4 OOOyBP (Ustorthent). The trend of profile development with time is
consistent with other studies but since the chronology has been based on global sea level
correlation, it must be considered with caution.
The stages of pedological development identified by Walker and Coventry (1976),
Walker and Green (1976) and Chittleborough et al (1984a,b,c) for chronosequences on
terraces include the stratic, cumulic, low contrast, high contrast and extended subsolum
stages. These morphologies relate to stages when sedimentary features are prominent,
followed by pedoturbation when soil biotic processes are dominant, later stages of clay
illuviation and segregation of sesquioxides and finally a stage of advanced chemical
weathering.
All but the last of these stages of profile development are represented in the soils
of the terraces in the Coal Valley.
Many workers throughout the world have described chronosequences of physical
and chemical properties and some representative examples of such studies are discussed
briefly.
Ruhe (1956) showed that age was correlated with increasing solum and B horizon
thickness, an increase in the clay percentage of the B horizon, an increase in the ratio of
resistant to weatherable minerals and increased intensity of horizon organization or
segregation of constituents.
In addition to the gross sequence of morphological development discussed
previously. Brewer and Walker (1969), Walker and Coventry (1976), and
Chittleborough, Walker and Oades (1984 a,b,c) have shown changes with age in soils of
terrace deposits in southeastern Australia to include weathering of minerals, depth
fimctions of illuviated clay and particle size distribution, and clay mineralogy.
Little and Ward (1981) demonstrated a systematic association between clay
percentage and a number of elements including K, Mg, Zn, Co, Ni, Rb and Li and that
Cu, Ca and P were less abundant in older soils.
Arduino et al (1984, 1986) and Torrent et al (1980) found a good correlation of
the ratios of dithionite-extractable, oxalate-extractable and total Fe fractions with age in
soils of terrace sequences in Italy and Spain.
Bockheim (1980) found that soil properties (Y) could be best correlated with time
(X) in a relationship of the form
Y = a + b log X.
He showed that correlations between time and base saturation and pH were
independent of climate but that other soil properties such as solum thickness, oxidation
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depth, soluble salt content of the salt-enriched horizon, clay content of the B horizon,
and total N were affected by factors such as temperature and precipitation. However,
Gerrard (1981) argued that
"not only does the rate of change vary from one soil property to another but so
does the form of the mathematical function"
describing the relationship.
Rockwell et al (1985) found that soil development proceeded quickly at first but
thereafter proceeded more slowly.
Dan (1983) examined the development over time of soils in a range of parent
materials in Israel. While he found expected changes such as increase in solum depth,
horizonation etc, it was also clear that inputs from aeolian dust had a major influence on
profile characteristics and consequently, with time, soils, apparently formed in different
parent materials, resembled one another.
Birkeland (1984a) has discussed a number of soil properties that have been used to
construct chronofunctions. Weathering rinds on clasts and the degree of grain etching
could be correlated with age. Organic matter (and other related properties of the A
horizon such as %N and pH) increased with age but reached a steady state relatively
quickly (in as little as 200 years). The depth and clay content of B horizons increased
with age but the rates and absolute values depended upon parent material and climate.
Soils became redder with age but this property seemed particularly sensitive to
temperature. Acid-extractable Fe and Al accumulated with age while acid-extractable P
decreased with age. CaCOs build-up in the soil profile could be used where the dynamics
were understood. Clay minerals weathered to the most stable form in each environment.
Finally Birkeland proposed that soil development indices could be used in stratigraphic
correlation.
An index of profile anistropy (IPA) (Walker and Green, 1976; later modified by
Birkeland, 1984b) has been proposed as a means of estimating the degree of profile
differentiation for any given soil property and correlations with age. Other indices
include the clay accumulation index (Levine and Ciolkosz, 1983), the relative horizon
distinctness index (Bilzi and Ciolkosz, 1977; Marsan et al, 1988), the Buntley-Westin
and Hurst colour indices (Buntley and Westin, 1965; Hurst, 1977) and the Soil
Development Index (Harden, 1982).
The Soil Development Index is based on the model of Bilzi and Ciolkosz (1977).
Harden used soil morphological properties including rubification, "total texture", clay
films, structure, dry and moist consistence, melanization and pH and found that these soil
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properties correlated well with ages of terrace deposits in California. The index was
shown to be useful across a range of climatic conditions (Harden and Taylor, 1983).
10.2 Soils developed on alluvial deposits
In the present study, eleven profiles were sampled from five alluvial stratigraphic
units. The profiles selected and the stratigraphic unit of which they are considered
representative include:
CR303 Enfield
CR221 Enfield
CR136 Coal
CR215 Coal
CR220 Coal
CR133 Richmond
CR216 Richmond
CR217 Apricot
CR222 Churchill
CR299 Churchill
CR296 Churchill
However, the data from only eight of these representative profiles have been
consistently used for comparative purposes.
Three soils have been identified in the Churchill unit, separated mainly on the
basis of field texture and degree of profile development. They are Churchill which is
composed of black (lOYRl.7/1) heavy clays, Roslyn which is characterized by black
(10YR2/1) to brownish black (7.5YR2/2) light clay, and Stockdale which is composed of
brownish black (10YR3/2) to dull yellowish brown (10YR4/3) sandy clay loam, fine
sandy clay loam and light clay. The properties of these soils have been determined by
their age, their position on the floodplain (drainage) and the grade of the parent
materials. Since all of the floodplain is subject to contemporary alluvial processes, for the
purposes of this thesis the soils are considered to have developed within the one
stratigraphic unit, the Churchill.
Profile CR222 (Churchill soil) could not be used for comparative purposes
because it has formed in fine-grade sediment in a poorly drained topographic position and
therefore would not be subject to the same pedogenic processes as the soils formed in
coarser grade and better drained sediment.
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Only one soil has been identified in the Apricot unit, the Apricot. It consists of a
fine sandy loam to sandy clay loam A horizon overlying a brown (7.5YR4/4) to dull
reddish brown (5YR4/4) sandy clay, fine sandy clay or sandy clay loam B2 horizon.
Three soils identified in the Richmond unit have been separated mainly on the
basis of field texture; Pines is a uniform sand, Richmond has sandy clay loam to sandy
clay B horizons and Bridge has medium clay B horizons.
Profile CR216 (Pines soil) was also found to have only limited value for
comparative purposes. Only the upper 48cm of the profile represents the Richmond unit
deposits (deeper profiles were not accessible at the time of sampling).
Three soils have been identified in the Coal unit; the Coal, Riversdale and
Strelley soils. They are duplex to gradational soils with sandy loam and sandy clay loam
to sandy clay A horizons overlying brownish black (10YR3/2) to dull yellowish brown
(10YR4/3) light medium clay and medium heavy clay (sandy). The soils have been
separated using depth to the underlying basalt and field texture of the A horizon as
diagnostic criteria.
Profile CR220 (Riversdale soil) was found to be of limited value in assessing
trends in profile development. The analytical data showed that the profile was layered
with the A horizon at least being of subsequent alluvial origin overlying a B horizon with
properties that suggested a strong basaltic influence ie., similar to the Labumam profile
(CR219)(see Appendix 4).
The Enfield soil (Holz, 1987) developed in the Enfield unit is duplex with a
sandy loam to sandy clay loam A horizon overlying a brown (7.5YR4/3 to 10YR4/4)
medium clay (sandy) B2 horizon.
A classification of each of the profiles is given in Table 19.
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Table 19: Principal Profile Form (PPF), Great Soil Group (GSG), Soil
Taxonomy and Isbell Classification of soils developed in alluvial deposits in the Coal
Valley.
Profile PPF GSG Soil
Taxonomy
Isbell (1992)
Enfield
CR303
Db2.32 soloth Mollic
Natrustalf
subnatric brown
sodosol
Enfield
CR221
Dbl.32 soloth Typic
Natrustalf
subnatric brown
sodosol
Coal
CR136
Gn3.82 soloth Typic
Natrustalf
subnatric brown
sodosol
Strelley
CR215
Db3.33 solodic soil Typic
Natrustalf
subnatric brown
sodosol
Riversdale
CR220
Ddl.l3 no suitable
group
Typic
Natrustoll
eutrophic black
chromosol
Richmond
CR133
Dy4.82 red podzolic
soil?
Udic
Haplustalf
eutrophic brown
chromosol
Pines
CR216
Uc no suitable
group
Mollic
Ustifluvent
tenosol
Apricot
CR217
Dbl.22 no suitable
group
Udic
Haplustalf
eutrophic brown
chromosol
Churchill
CR222
Ug5.16 wiesenboden Typic
Pelludert
aquic vertosol
Roslyn
CR299
Uf6.22 prairie soil Udorthentic
Haplustoll
eutrophic black
dermosol
Stockdale
CR296
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10.2.1 Description of selected soil profiles
Soils of the Churchill unit represent hoth the stratic and cumulic stages of
development. The Stockdale soil (CR296) is the least developed soil found on the modern
floodplain and it occurs mainly above the junction of White Kangaroo Rivulet and the
Coal River, probably due to a higher frequency of overbank flooding by virtue of the
narrow stream channel in this tract of the river. This soil is at a level of development
between the stratic and the cumulic stages. Fine sedimentary layering in the profile was
still observable including a thin, discontinuous surface deposit of medium sand and a
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2cm-thick; layer of sand at 16-18cm depth. However, there is also strong evidence of
bioturbation through the agency of earthworms (cast structure) and the profile has been
homogenized to 70cm. The profile consists of brownish black and black (10YR3/1,2/1)
sandy clay loam to fine sandy clay loam. Soil reaction is slightly acid to neutral
throughout the profile, %C remains relatively high at depth, Ca/Mg ratios are above two
and electrical conductivities and ESP's are very low.
The Roslyn soil (CR299) is a prairie soil which represents the cumulic stage of
profile development. There is no evidence of stratification in the profile which is
brownish black (10YR3/1), light to light medium clay to 60cm depth. The structural B
horizon has a strong granular structure and there are no pedogenic segregations in the
profile, although carbonate nodules occur in the fmer-textured Churchill soil in the
adjacent backswamps. The soil reaction trend is from slightly acid in the surface to
neutral at depth, the %C decreases with depth, the Ca/Mg ratios are above two
throughout and EC and ESP are very low.
The Apricot soil (CR217) represents the first stage of profile differentiation (low
contrast solum) with the development of a weakly duplex profile and an A2 horizon
overlying a thin (25cm), brown (7.5YR4/5), moderate subangular blocky B2 horizon
with no pedogenic segregations. The soil reaction trend is from pH5.5 in the surface to
pH7.4 in the lower B horizon, with a parallel decrease in %C from 3.3% to 0.9%.
Ca/Mg ratios in the B horizon are above two and electrical conductivities and ESP's are
very low.
The Richmond soil (CR133) shows a well-developed duplex profile with a
conspicuously bleached, loamy fine sand A2 horizon overlying a bright brown
(7.5YR5/6), weakly structured, sandy clay B2 horizon. There are substantial deposits of
soft carbonate in the underlying gravel deposits above basalt at a depth of 2m. Variation
in the depth and in the particle size characteristics of the A horizons of the Richmond
profiles suggest aeolian reworking. The soil reaction trend is from pH5.6 in the A
horizon to 7.7 in the B2 horizon; %C decreases from 1.6% to 0.7% and the Ca/Mg
ratios approach one in the B2 horizons. Electrical conductivities are very low but ESP's
in the B2 horizon are from 4-5%.
The Coal unit is represented by the Coal (CR136) and Strelley (CR215) soils.
The Coal profile consists of a sporadically bleached, sandy clay A horizon overlying a
mottled, brownish black to dull yellowish brown (10YR3/l,4/3) prismatic, medium clay
B2 horizon. Soil reaction (pH5.9 in the A and B horizons) in this profile was slightly
lower than other field pH's determined for the unit. The field texture of the A horizon
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was described as sandy clay although particle size analysis showed only 21% clay. The
field textures of A horizons of duplex profiles described early in the field programme
(ie., during winter) appear to have been overestimated when compared to the analytical
data and the descriptions recorded later during spring and summer. A possible reason for
this is that during winter the A horizons are very moist (at least to field capacity) for
long periods and together with high organic matter content (eg., CR136 has 3.8%
Walkley-Black %C) all of the clay contributes to the plasticity of the bolus. In contrast,
the dry materials later in the year are wet only from the working of the bolus and
perhaps not all of the clay particles contribute to the observed plasticity. %C decreases
from 3.8% in the A horizon to 0.8% in the B2 horizon, and E.C's of the B2 horizon
increase from O.lldS/m to 0.45dS/m. Unfortunately, specimens from the B horizon were
lost and data for CEC and exchangeable cations are not available for this profile. The
maximum clay% in the B2 horizon was 45%.
The Strelley profile (CR215) is a solodic soil (soloth/solodic based on pH) with a
sporadically bleached A horizon overlying an alkaline, blocky to prismatic, clay B2
horizon. Carbonate segregations have heen deposited in the underlying gravel below
150cm depth. The presence of some Triassic sandstone and mudstone clasts suggests a
significant contribution to the sediment from a more local provenance since these clasts
do not transport far in an alluvial system. Triassic sediments (both sandstone and
mudstone) outcrop on adjacent slopes. The coarse field texture and high fine sand content
of the A horizon suggest a possible aeolian source of this material. A coversand deposit
of the Penrise unit occurs just to the west. The soil reaction trend is from pH5.8 in the A
horizon to 7.0 in the B2 horizon, the maximum EC is 0.52dS/m in the upper B2 horizon,
Ca/Mg ratios approximate 0.3 and ESP's in the B2 horizon increase from 8.75 to 21.5
with depth. There was no evidence of any infills in the Coal unit. Organans occurred in
the upper B2 horizons of both profiles.
Two profiles were described in the Enfield unit, the highest and the oldest of the
alluvial stratigraphic units. CR221 and CR303 are soloths and have conspicuously
bleached A horizon's overlying brown (7.5YR4/3, 10YR4/4), prismatic, clay B2
horizons of neutral reaction. Calcrete deposits occur at 1.8m in CR303. Sand infills over
20nmi and 5mm thick were observed. Soil reaction trend was from pH5.8 in the A
horizons to 7.0 in the B2 horizons, Ca/Mg ratios approximated 0.2 and ESP's increased
from 8.7 to 19.5 in the B2 horizons with depth. Clay in the B2 horizons ranged from
20% to 36%.
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The soil profiles of the Enfield, Coal and Richmond units represent the high
contrast solum stage although the analytical data suggest a chronosequence of decreasing
age from Enfield to Coal to Richmond.
The chronosequence of terraces separated on stratigraphic criteria, is in accord
with soil morphological features and is consistent with trends observed in other studies in
south-east Australia. All of the stages described by Walker and Coventry (1976) are
represented with one exception- the extended subsolum stage. There is no evidence of the
development of ferruginous or siliceous zones in any of the soils of alluvial deposits
although such features occur in the Woodstock and Brickendon soils of the Launceston
Tertiary Basin (Nicolls, 1960).
10.2.2 Comparison of soil physical and chemical properties
The basic tools a pedologist or geomorphologist uses in establishing geomorphic
and soil units in a study area include stratigraphy, sedimentology and soil morphology.
These approaches have the great advantage of being field orientated, but although most
of the framework of landscape evolution and soil development can be recognized in the
field, there invariably arise problems (chronological, lithological) that laboratory analyses
can assist in resolving.
Soil survey programmes include laboratory measurement of a standard suite of
soil characteristics (eg., Beattie, 1988) as part of the resource inventory which have been
found to be useful in predicting soil behaviour and evaluating soil capability. Therefore,
any relationships which can be established using these procedures are particularly useful
since no further analytical work is required.
These characteristics include soil reaction (pH), electrical conductivity,
%chloride, %carbon, cation exchange capacity and exchangeable cations, exchangeable
sodium percentage (ESP), total P, K and S, extractable P and K, total N, some
assessment of available micronutrients and particle size distribution and clay mineralogy.
Soil physical properties such as bulk density and K®®' (while highly desirable) are often
measured only for specific purposes.
Standard characteristics which have been used to investigate chronological
relationships in this thesis include soil reaction, %C1, CEC and exchangeable cations,
total P and K and particle size analysis. Depth functions plotted for the chronosequence
in the alluvial deposits include pH, %C1, %C, %clay, ESP, Ca/Mg ratio, %K and %P.
An index of profile anistropy has been calculated for %C, %K and %clay.
The literature would suggest that all of the properties plotted should fit a
chronological sequence. However, in this study some, eg., pH, showed no trends and
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Others, eg., %C, showed only weak trends. Other soil properties including %P, %K and
the Ca/Mg ratio showed a strong relationship and could be used to discriminate among
stratigraphic units and soils. No clear explanation is apparent for the poor correlation of
pH with age (Fig.36) although it may reflect differences in parent material and perhaps
aerosol additions.
Soils of the Enfield and Coal units have lower %C contents (Fig.37) than soils
on the younger units with profile CR296, the youngest soil, having a uniform trend and
relativelyhigh levels. The data support the view that organic matter equilibrates quickly
since profile CR299 which represents the cumulic stage of profile development shows
similar trends (but higher values) to profiles which are stratigraphically older.
Depth functions of cation exchange capacity (Fig.38) differentiate only weakly
the soils in the Churchill unit which have more uniform trends compared to the older
soils. There are no significant differences among the other profiles. Base saturation depth
functions show a similar pattern but, as discussed previously, the use of base saturation is
problematic because it is more an artifact of the method of measuring the cation
exchange capacity than a reflection of a unique soil property. However, this might also
be said about the measurement of most soil properties in that such measurements are
only arbitrarily useful following calibration and correlation.
Depth functions of %clay (Fig.39) do not discriminate well among the soils and
stratigraphic units since they show clay maxima in the B horizons of all profiles in units
older than the Churchill unit (there is even some evidence of profile differentiation in
profile CR299 with a slight increase in clay in the B horizon). However, the difference
in clay content between the A and B horizons is greater and the maximum clay contents
in the B horizons are higher in the older soils (ie., profiles CR136, CR215, CR221,
CR303).
The depth fimctions of ESP and %C1" (Fig.'s 40,41) show consistent trends with
age. The younger soils in the Churchill and Apricot units have very low values, with
slightly higher values in the soils of the Richmondunit and similar but highest values in
soils in the Coal and Enfield units. These trends are consistent with greater weathering of
the older deposits but mitigated in an environment with apparently limited potential for
leaching.
Depth functions of the Ca/Mg ratio (Fig.42) separate all soils except those of the
Coal and Enfield stratigraphic units. Values for soils on the Churchill unit (CR299,
CR296) are relatively high and uniform with depth while those for the Apricot unit soils
(CR217) show profile differentiation but are higher than for soils of the Richmond unit
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(CR133). The low values for the Coal and Enfield unit soils indicate that weathering to a
steady state may have occurred for soils of Coal or greater age. The low Ca/Mg ratios
for Australian soils have been commented upon by Tucker (1983) who suggested this as
a possible reason for the low Na levels (when compared to European or North American
soils) required to adversely affect soil structure and stability.
Depth functions of total %P and total %K (Fig's.43,44) are also shown in the
results of this study to be useful in differentiating among all the soils and stratigraphic
units. The younger profiles (CR296, CR299 and CR217) are differentiated by %P and
the older profiles in the Enfield and Coal units by %K.
The mechanisms by which the levels of P and K decline have not been
investigated in this thesis but there have been several studies which demonstrate similar
relationships (McDonald pers.comm.; Holz and Shields, 1985; Little and Ward, 1981).
Walker and Syers (1976) discussed the trends of total P, K, Ca, Mg, and S in four
chronosequences in New Zealand. They fractionated P into organic P, acid-extractable P,
occluded and non-occluded P, and concluded that the relative proportions of each fraction
could be used to date soils of unknown age up to (approx) 20,000 years BP. They
proposed that the high rate of loss of each element in the early years was due to leaching
from the most readily weathered minerals. The results of this study show the sensitivity
of P in the younger soils, and K in the older soils, and reinforce the concept of the log-
time interval in understanding and using rate of pedogenesis for particular soil properties.
The measurement of total P and K is a relatively easy routine procedure using
compressed "pills" of homogenized, finely powdered solid and X-ray fiourescence
spectroscopy, and is potentially a very useful means of discrimination among soils and
stratigraphic units of different age.
An index of profile anistropy (IPA) was calculated in the present study for the
profiles of the chronosequence using %C, %K and %clay. The indices are plotted in
Fig.45 and show a general increase with proposed age of the soils. %K showed the most
consistent trend through to the oldest units and again appears to be a very useful
indicator of age in these soils. The indices increased along the chronosequence for %C as
far as the Coal unit but then declined in the Enfield unit. Similarly, the values increased
for %clay as far as the Richmond unit after which they also declined. The curves reflect
differences in rate of change of soil properties, eg., the IPA for %K only begins to
increase in the soils older than Apricot while the IPA for %C is highest for the Apricot
soil after which it decreases.
Figure 36: Depth functions of pH (1:5 water) for soils
developed in alluvial deposits in the Coal Valley
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Figure 37: Depth functions of Walkley-Black organic carbon
for soils developed in alluvial deposits in the Coal Valley
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Figure 38: Depth functions of C.E.C for soils developed
in alluvial deposits in the Coal valley
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Figure 39: Depth functions of clay content for soils developed
in alluvial deposits in the Coal Valley
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Figure 40: Depth functions of E.S.P for soils developed
in alluvial sediments in the Coal valley
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Figure 41; Depth functions of chloride for soils developed
in alluvial deposits in the Coal Valley
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Figure 42: Depth functions of exchangeable Ca/Mg ratio for profiles
developed in alluvial deposits in the Coal Valley
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Figure 43; Depth functions of total P for soils developed in
alluvial deposits in the Coal Valley.
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Figure 44: Depth functions of total K for soils developed
in alluvial deposits in the Coal Valley
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Figure 45; Indices of profile anistrophy (%C, %clay and %K)
for soils developed on alluvial deposits in the Coal Valley
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10.3 Soils developed on pediments
Six profiles from soils developed on pedisediment have been sampled together with
profiles representing sedentary soils on basalt and on Tertiary sediment. The selected profiles
and the stratigraphic units which they represent include:
CR219 Carrington
CR132 Carrington
CR218 Nugent
CR300 Nugent
CR301 Nugent
CR304 Nugent
CR219 Tertiary basalt
CR302 Tertiary sediment
A classification of each of the profiles is given in Table 20.
Table 20: Principal Profile Form, Great Soil Group, Soil Taxonomy and Isbell Classification
for soils developed in pedisediment in the Coal Valley.
Profile PPF GSG Soil
Taxonomy
Isbell (1992)
Carrington
CR129
Dy2.31 solodic soil Typic
Natrustalf
subnatric brown
sodosol
Carrington
CR132
Db2.32 solodic soil Typic
Natrustalf
subnatric brown
sodosol
Nugent
CR218
Dd4.31 soloth Mollic
Natrustalf
subnatric black
sodosol
Southfork/
Nugent CR300
Db2.32 soloth Typic
Natrustalf
subnatric brown
sodosol
Southfork
CR301
Db2.31 soloth Typic
Natrustalf
sodic brown
kurosol
Southfork
CR304
Dy5.32 soloth Mollic
Natrustalf
mesonatric
brown sodosol
Laburnam
CR219
Ug5.14 black earth Udic
Chromustert
self mulching
black vertosol
Daisy
CR302
Dy3.33 solodic soil Aquic
Natrustalf
subnatric brown
sodosol
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10.3.1 Description of selected soil profiles
Two representative profiles of the Carrington unit include the Carrington
soil (CR132) and the Carrington gravelly variant (CR129). CR132 is a solodic soil with a
sandy clay loamA horizon, sporadically bleached above a dull yellowishbrown (10YR4/3),
prismatic, medium clay B2 horizon. Organansoccur on prism faces in the upper B2 horizon
and sand infills in the lower B2 which also contains ferromanganiferous and carbonate
nodules. Soil reaction is from pH6.3 in the A horizon to pH8.2 in the lower B2 horizon.
Ca/Mg ratios approximate 0.4, ESP's increase with depth from 9.4% to 19.4% and EC's
from 0.11-0.46dS/m in the B2 horizons.
Profile CR129 is also a solodic soil with a sandy loam A horizon,
sporadically bleached in the lower part (A2) above a yellowishbrown (2.5Y5/3), subangular
blocky, light medium clay (sandy) B2 horizon. There is a concentration of coarse
ferruginous fragments in the A2 horizon which are interpreted as coming from weathered
ferruginous deposits that often form in the Tertiary sediments receiving subsurface drainage
from dolerite. Coarse fragments lower in the profile include clasts from Triassic sandstone
and mudstone and Jurassic dolerite in addition to the ferricrete fragments. No sand infills
were observed in this profile but there were soft calcareous segregations at depth. Soil
reaction trend is from pH6.0 in the A horizon to 8.0 at depth. Ca/Mg ratios approximate
0.1-0.2, ESP's increase from 6.8% to 20.5% with depth, and EC's from 0.09 to 0.43dS/m
in the B2 horizons.
Four profiles from two soil profile classes were sampled in the Nugent
unit including CR218, CR301 and CR304 (Southfork soils) and CR300 (Nugent/Southfork
intergrade).
Profile CR218 is a soloth with a loamy sand A horizon, sporadically
bleached in the lower part above a brownish black (10YR3/1)mottled clay B2 horizon. Sand
infills to 1cm thick occur low in the profile above a layer of yellowish grey "fine" clay
passing to basalt. The source of the clay has not been ascertainedbut if it is basaltic (which
seems most likely) it must be a remnant of a truncated palaeosol that was strongly
weathered. The pH of the clay is very acid at 5.3-4.9, the clay percentage is high (45-72%)
and clay activity ratio is 65meq/100g clay. There were occurrences of a similar clay layer
in other profiles overlying basalt, including CR215 (Coal unit) and CR130 (Nugent unit).
Depth functions of %C and %C1 show a relative accumulation above this layer. Soil reaction
trend in CR218 is uniformly acid throughout at about pH5.7. The Ca/Mg ratios approximate
0.1, ESP's increase from 9.3 to 23.6% with depth and EC's from 0.12-0.36dS/m in the B2
horizons.
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Profile CR300 is a soloth with a sandy clay loam A horizon, sporadically
bleached above a brownish black (10YR3/2), prismatic, medium clay B2 horizon. There are
abundant coarse fragments of predominantly ferricrete and Triassic sandstone in the lower
A and upper B2 horizons. The profile is relatively shallow and overlies basalt at about Im
depth. The soil reaction trend is from pH5.9 in the A horizon to pH7.4 in the B2 horizon.
Ca/Mg ratios decrease from 0.8 in the upper B2 horizon to 0.3 in the lower B2 horizon.
ESP's increase from 10.0 to 19.5%, and EC's from 0.11 to 0.32 dS/m in the B2 horizon.
Profile CR301 is a soloth with a sandy clay loam A horizon, sporadically
bleached above a dull yellowish brown (10YR4/3), prismatic, medium clay (sandy) B2
horizon. Sand infills to 2cm thick occur lower in the profile and some slickensides were
observed at about 150cm depth in a 2.5Y5/3 light medium clay with sand. Soil reaction
trend is uniformly acid (pH5.5-5.3) and Ca/Mg ratios are 0.4-0.2. ESP increases from 7.8%
to 20.5% with depth and EC from 0.07 to 0.23dS/m in the B2 horizon.
Profile CR304 is a soloth overlying basalt at 95cm depth. A sandy loam
A horizon, sporadically bleached in the lower part, overlies a dull yellowish brown
(10YR4/3), prismatic, sandy clay B2 horizon. Soil reaction trend is acid (pH6.4-5.9).
Ca/Mg ratios range from 0.5-0.03, ESP's from 14.7% to 18.5%, and EC from 0.19 to 0.24
with depth in the B2 horizons.
Soils on basalt are represented by profile CR219 (Laburnam soil). It is
a 75cm deep, dark cracking clay (32-58% clay) but has significant quantities of quartz sand
and some ferricrete fragments throughout the profile. Quartz surface textures of some of the
sand grains (Plate 15, xLii and xLiii) indicate that the grains have been transported by
fluvial and/or aeolian processes. However, basalt is the predominant contributor to the
parent material of this soil.
The Tertiary sediments are represented by profile CR302 (Daisy soil).
This solodic soil has a sandy clay loam A horizon, sporadically bleached in the lower part,
overlying a mottled yellowish brown (2.5Y5/4), prismatic, light medium clay (sandy) B2
horizon. Tertiary clay is encountered fi-om 80cm depth. Ferricrete fragments occur through
the upper 80cm of the profile suggesting "mixing" by slope processes. Soil reaction trend
is alkaline (pH5.7-8.3). The Ca/Mg ratios range from 0.4-0.2, ESP increases from 5.8%
to 19.3% and EC from 0.07 to 0.33dS/m with depth in the B2 horizon.
The profile morphology of the soils on pediments does not reflect any
chronological sequence but is most influenced by differences in parent material. The degree
of profile differentiation suggests that the soils are at an advanced stage of profile
development. Bishop et al (1980) and Thompson and Paton (1980) have demonstrated the
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role of sedimentary layering in soil profile development on hillslopes and this is a factor
most likely to have been operative in the case of these soils.
10.3.2 Comparison of soil physical and chemical properties
A number of depth functions were plotted and all but those of %K failed
to separate the soils of the two stratigraphic units comprised of pedisediment. The depth
functions of %K (Fig. 46) suggest that the soil of the Carrington unit is younger than that
of the Nugent unit. This may be due to the steeper slopes of the Carrington unit where the
soils are likely to be more affected by more recent processes of mass movement, erosion and
aggradation. Depth functions of %P, Ca/Mg ratio and %C are shown in Fig.'s 47, 48 and
49. P levels and Ca/Mg ratios are low. The increase in %C towards the base of CR218 may
indicate translocation of organic material to this depth where the underlying basalt impedes
drainage, or that it may represent a buried A horizon. It would seem unlikely that organic
material would survive for long periods at this depth in this relatively low rainfall
environment where soil profiles dry and are subject to oxidation. However, clay from
probable palaeosols was encountered above basalt at sites in this area. Alternatively,
organans occur in soils in this environment probably due to the cold, wet winters and
indicate that organic matter is mobile and potentially able to accumulate where drainage is
impeded.
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Figure 46: Depth functions of total K for soils developed in
pedisediment in the Coal Valley
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Figure 47: Depth functions of total P for soils developed in
pedisediment in the Coed Valley
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Figure 48: Depth functions of exchangeable Ca/mg ratio for
soils developed in pedisediment in the Coal Valley
0.5 1 1.5
-50 -
E
o
-100
-150
a
&
-200
-250
-300 -L
Ca/Mg
222
•— OR129 solodic soil
•— OR132 solodic soil
•— CR218 soloth
- CR300 soloth
•— CR301 soloth
•— CR304 soloth
223
Figure 49; E^epth functions of Walkley-Black organic carbon
for soils developed in pedisediment in ttie Coal Valley
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CHAPTER 11
AEOLIAN DEPOSITS and ASSOCIATED SOILS
The data presented in this thesis include location and description of aeolian
deposits in the Coal Valley, together with discussion of special features and comment on
the problems of correlation of deposits described in earlier work in Tasmania (Nicolls,
1958a, 1960; Davies, 1967, 1974; Goede, 1965; Colhoun, 1975; Sigleo and Colhoun,
1982; Sigleo, 1979). Much work remains to be done concerning the aeolian deposits of
inland Tasmania using the methods of stratigraphy and pedology, and particularly of
thermoluminescent dating for correlation of deposits. This research could be very
rewarding in gaining further insights into pedological development through time.
11.1 Aeolian deposits in the Coal Valley
Two aeolian geomorphic units, including source-bordering dunes (Inverquharity
unit) and a coversand (Pemise unit) have been identified in the Coal Valley in the area
from Richmond north to "Stockdale" (see Appendix 1). The deposits occur on the
terraces and the valley sides but not on the modem floodplain. Most occurrences are on
the eastern side of the valley suggesting that the dominant sand-mobilizing winds blew
from the west or north-west ie., down and across the valley. This is consistent with
interpretations of previous authors (Nicolls, 1958a; Derbyshire, 1971; and Sigleo and
Colhoun, 1982) who have related past aeolian activity to intensified westerly and
north-westerly winds, reduced temperature and precipitation, and less stable vegetative
communities associated with the latter part of the Last Glacial (approx. 25 000-12 OOOy
BP).
Bowler (1967) argued that source-bordering dunes in Victoria, dated at 20 000,
16 000 and 13 OOOy BP, formed due to an abundance of sand on point bars, with
seasonal drying and exposure to westerly and south-westerly winds in the absence of a
protective vegetative cover.
However, aeolian deposits occurring in the south of the valley adjacent to Pitt
Water and other coastal environments appear to have been formed by the action of south
and south-easterly winds. Loveday (1957) found sponge spicules in deposits in the
Carlton area and regarded these as evidence of a near coastal source.
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The Penrise coversand is younger than the Inverquharity unit on which it
sometimes occurs as a shallow surface deposit eg., Profile CR14 shows 48cm of fine
sandy Penrise unit overlying the coarser sand of the Inverquharity unit. The Penrise unit
varies in depth from as little as 20-40cm up to about Im. Profile CR106 (AMG 536150
5269950) consists of 1+m of Penrise unit overlying Richmond unit while at the site of
profile CR57 (AMG 537175 5277800) some 50cm of sand has been deposited on clay
derived from basalt on a 17% slope. The fine sandy, single grain material is susceptible
to wind erosion and there has been reworking of the unit in more recent times eg.,
profile CR106 shows the original A horizon buried beneath 25cm of aeolian sand,
probably blown from an adjacent cultivated paddock. European agricultural practices
have led to deflation and deposition of sand at many locations eg., in UMA 7 (Holz,
1987) shallow pillows of sand have collected around obstructions such as grass tussocks.
There is little profile development in the predominantly quartz sand of the
Penrise unit apart from reddening of the upper 40-60cm of the profile. A horizon colours
range from brownish black (7.5YR2/2) to dark reddish brown (5YR3/3) and B2 horizon
colours from dark brown (7.5YR3/4) to brown (7.5YR4/6). The C horizon is generally
less red and bright brown (7.5YR5/6) to dull yellow orange (10YR6/4). Soil reaction is
neutral to moderately alkaline (pH 7.0-8.0) and no free carbonate was observed. The
mean particle size of the sand fractions is 2.7-2.8<^.
Reddening of dune material with age has been widely reported (Price, 1962;
Norris, 1969; Williams and Yaalon, 1977; Walker, 1979). The reddening has been
attributed to weathering of iron-rich minerals such as biotite and homeblende and the
deposition of films of iron oxides on quartz grains. Redder deposits are due to thicker
and more highly oxidized coatings on the grains and more grains with coatings. The
process is promoted by warm temperatures, oxidizing conditions and periodic moisture.
The Inverquharity unit occurs as source-bordering dunes on surfaces above the
level of the modem floodplain of the Coal River. The dunes may be composed of up to
5.0-6.0m depth of structureless sand. The author observed the mining of a whole dune
adjacent to St.John's Church, Richmond. There was evidence of cross bedding in only
one small section of the dune. The general absence of cross bedding in the sand may
reflect deposition onto a vegetated surface (Colhoun, pers. com.) or may be due to
bioturbation by soil fauna such as ants (Wasson, pers.comm.). There was no evidence of
aboriginal occupation in any part of the dune and there was no carbonaceous material
apart from some soft carbonate at depth. The Inverquharity unit is composed of coarser
sand than the Penrise unit and has a mean diameter of around 2.2-2.3<^.
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11.2 Clay bands in the Inverquharity unit
The most distinctive feature of the Inverquharity unit is the occurrence of clay
bands in the upper profile. These bands are shown in Plate 19. The bands are composed
of redder and more clayey material than the intervening layers of dune material. The clay
bands in Profile CR134 are brown (7.5YR4.5/6) compared to bright yellowish brown
(10YR5.5/6) for the underlying sand and at Profile CR14 the clay band is dull reddish
brown (5YR4/4) compared to bright brown (7.5YR5/6). The field texture of the bands
ranges from SL, SCL to SC. Particle size analysis data of clay band and C horizon
material from the dune at St.John's Church, Richmond and the Inverquharity
representative profile (CR134) are shown in Table 21.
Table 21: Particle size data from clay bands and C horizon material from the
Inverquharity unit.
Richmond dune Profile CR134
Clay band C horizon Clay band C horizon
% coarse sand 31.7 44.4 40 40
% fine sand 44.3 46.7 30 41
% silt 4.6 3 7 7
% clay 19.4 7.1 23 13
The clay bands are best developed in the upper profile at depths ranging from
40-60cm and are commonly 10-20mm wide although they may vary in width from 60mm
to l-2mm. Clay accumulates between the bands and they may eventually coalesce. The
bands are closer together and thicker in the upper profile; ie., they become thinner, less
clayey and more widely spaced lower in the profile. Plate 19 shows thin bands at depths
of 2m.
As the clay bands become thicker they may also exhibit a subangular blocky
pedality ranging in size from l-6cm depending upon the width of the bands. Reddish
argillans occur on the ped faces. XRD analysis of clay from clay bands taken from the
dune at Richmond showed small amounts of kaolinite and degraded illite with traces of
illite. Clay from the C horizon in the same dune had moderate amounts of kaolinite and
degraded illite.
Plate 19.
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Clay bands evident in a section of the Inverquharity unit, near Richmond.
There is some spatial variability in the development of the clay bands. Profiles
CR134 and CR19 (AMG 536925 5271225) are both on the crest of the same dune but
little clayey material was encountered in CR19. Similarly, Profile CR135 (AMG 536875
5271225) was described in the dune trough adjacent to CR134 and there was little clay
encountered in this profile.
11.2.1 Origin of clay bands
Similar features have not been widely reported in the Australian literature
although Beattie (1972) described clay-enriched lamellae in sand dunes west of Wagga
Wagga, NSW and Coventry (1973) has described clay lamellae in beach ridge deposits at
228
Lake George. Lamellae also occur in mallee dunes of South Australia and western
Victoria (Isbell, pers.comm.). Similar features have been reported in the North American
and European literature. There is provision made in Soil Taxonomy for clay lamellae in
dune soils including Psamments (Entisols) and Psammentic Haplustalfs (Alfisols)
depending upon the cumulative thickness of the clay and whether or not it constitutes an
argillic horizon eg., Pedon 19 (Soil Survey Staff, 1975).
The clay bands have been variously described as textural subsoil lamellae (with
interlamellar horizons), as bands, strata, laminae and fibres. The term clay band will be
used in this thesis. Berg (1984) has summarized hypotheses concerning the genesis of the
clay bands as involving:
a) wetting/drying of soils with deposition at the halting of the wetting front,
b) flocculation due to CaCOj,
c) mutual flocculation of iron and clay,
d) capillary discontinuities due to changes in particle size.
It is clear that the majority opinion favours a pedogenic illuvial origin for the
bands rather than a depositional one. In supporting an illuvial and thus pedogenic origin
for the bands, Gile (1979) listed the following evidence most of which is relevant to the
features in the Inverquharity unit:
a) clay bands approximately parallel to the land surface are thickest in the upper
part of the deposits and are underlain by C horizon,
b) clay bands form part of a soil horizon sequence,
c) the clay bands underlie an eluvial horizon with less clay,
d) progressive development of clay bands occurs with age,
e) if the clay has an atmospheric origin it must be illuvial.
The wavy boundaries of the bands (Plate 19) indicate that they are illuvial and
not depositional features. The CPSD indices of the sand fraction for the Richmond dune
clay bands and C horizon (Table 8) show an extremely high degree of similarity which
suggests that the clay is a post-depositional feature. The particle size depth functions for
the Inverquharity soil (Fig. 50) show a relative depletion of clay in the A2 and A3
horizons relative to the accumulated clay in the B horizon.
The clay may originate from the weathering of clay-forming minerals (feldspars),
or be illuviated post-deposition, either from the original deposit or from dust fall. Berg
(1984) concluded that weathering of highly quartzitic dune sand could not easily produce
clay concentrations in a 3 500y time span. The clay content of the bands in Berg's study
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are <1-2%. Gile (1979) did not address critically the origin of the clay in his study but
suggested an aeolian origin. Renunulzwaal (1979) studied a chronosequence of marine
and aeolian deposits in southern Italy and argued for clay illuviation from both
weathering and dust fall. However, Yaalon and Ganor (1973) have demonstrated the
importance of dust fall in pedogenesis.
The particle size depth functions for the Inverquharity soil (Fig. 50) show slightly
higher silt values in the A horizon suggesting that dust accession could have been a
source of the clay. However, no clay bands were observed in the Malcolm's Hut dune
(which is probably of similar age to the Inverquharity unit) indicating that either the
Inverquharity unit and the period of dust accession are older or that the clay may have
come from another source.
Another possible source is from coatings on the quartz grains which are
weathered off due to more severe conditions in the A horizon. The colour of the sand at
depth in the dunes ranges from dull yellowish brown (10YR5/4) and bright brown
(7.5YR5/6) to bright yellowish brown (10YR6/6), and this 'brown' coating on the quartz
grains has been described by previous authors eg., Nicolls (1958a) who suggested it may
be linked to solifluction deposits. Norris (1969) observed that haematitic coatings were
resistant to aeolian abrasion. The underlying alluvial brown (10YR4.5/4) coarse sand in
Profile CR217 (on a prior floodplain of the Coal River and a possible source of the
aeolian sand) had coatings which were particularly resistant to abrasion as evidenced by
the large number of 'rubbings' required during particle size analysis to produce a clear
supernatant.
Given the uniformity of the dune material the most likely explanation for the
formation of the clay bands involves deposition associated with wetting fronts. The
source of the clay is unclear but may include both dust accession and weathering of grain
coatings. Given that there are no data about the relative rates of dust accession, but that
the climates of Bailey County, Texas, and the Coal River Valley are similar (ie., 440mm
rainfall and 14°C average aimual temperature) a somewhat tenuous comparison can be
made between Gile's (1979) observations on the development of clay bands with time and
the age of the Inverquharity unit. The degree of development of the clay bands in the
Inverquharity unit is consistent with those of Pleistocene age described by Gile.
Birkeland (1984a, p209) argued that discrete clay bands were indicative of
translocated clays and that with time, they increased in number, lateral continuity and
thickness.
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11.3 Correlation of aeollan deposits in SE Tasmania
Several aeolian deposits in South-East Tasmania have been described in the
literature and have been visited by the author. While a detailed account of these deposits
is outside the scope of this thesis, it is interesting to speculate on some of the possible
correlations.
There appears to be evidence for at least four periods of aeolian deposition.
Firstly, there are the recent deposits due to the activities of European man which occur
as thin coversands and show little evidence of profile development due to the constant
reworking.
Prior to this there was a period of instability during the mid-Holocene. C" dates
from deposits in the Derwent and Jordan valleys eg., the Glenfield sandsheet, place these
deposits more recent than 6 OOOyBP (Sigleo and Colhoun, 1982). They suggested that
this instability may have been due to an increase in aboriginal occupation at that time
although Wasson and Galloway (1986) have warned that instability at a similar time on
the mainland of Australia is also coincident with climatic change. Profile development in
these deposits includes an accumulation of organic matter in an A horizon and a
reddening in the upper part of the profile. The Penrise unit may have been deposited
during such a period of instability. The floodplain is known from C" dates to be
mid-Holocene in age and there are no known occurrences of the Penrise unit on the
floodplain.
The Inverquharity unit represents an earlier period of aeolian activity. The
coarser grade of these deposits i2.3<j>) suggests that stronger winds prevailed during this
period than those blowing at the time of the Penrise deposition (2.80), that is, winds that
might have been expected towards the end of the Last Glacial. The degree of
development of the clay bands also suggests a greater, thus Pleistocene, age.
The Malcolm's Hut dune is composed of even coarser sand than the
Inverquharity unit (1.95-1.970) and shows cross bedding. It is considered to have had a
different source from that of the dunes in the Coal Valley generally (ie., sediment from
the local catchments of Duckhole Rivulet), and there are no clay bands or pedological
features which allow for even a tentative correlation.
A loess-like deposit on the Bushy Park Road near Gretna was sampled and the
specimen had a mean particle size of 2.770. However, any attempt at correlation is again
difficult because of the very different nature of the aeolian material.
Evidence for a fourth era of aeolian deposition comes from the basal unit at Old
Beach and the interfan deposit at Limekiln Point (Sigleo, 1979; Sigleo and Colhoun,
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1982) and the lower part of Profile CR14. These deposits are distinguished by the degree
of profile development of soils within them ie., the depth, clay content and structure of
the B2 horizons. Sigleo (1979) has suggested that the profile may represent a period of
stability and weathering during an interstadial of the Last Glacial epoch or may represent
pedogenesis during the Last Interglacial. Regardless of the exact period of deposition of
the aeolian sand, the palaeosol appears to predate the Inverquharity unit and to represent
a significant period of pedogenesis.
Given the variation in grade and degree of pedological development within
aeolian deposits in the Coal River and adjacent valleys, it is likely that there have indeed
been several eras of aeolian activity during the Quaternary.
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CHAPTER 12
Conclusions
The intensive study of the soils and their substrates reported in this thesis for the
areas of the University Farm and Lower Coal River Valley has provided evidence for
stratigraphic and geomorphic relationships of materials comprising complex landscapes.
These relationships have determined the pattern of soil occurrence and provided a means of
understanding and predicting soil properties, a principle aim of this work.
The basic elements of the stratigraphy of the University Farm include a number of
clastic deposits mostly overlying unconsolidated Tertiary sediments above which are outliers
of Jurassic dolerite and Triassic sandstone. The northern part of the farm has a pedimented
surface sloping at 2% to the east cut in unconsolidated Tertiary sediments by prior streams
originating in the catchment of what is now drained by Belbin Rivulet. Overlying this
surface is 2-3m of pedisediment composed of channel fill, point bar, mud flow and debris-
flow deposits and varying in composition, grade, degree of weathering and dissection. The
occurrence of clasts of Permian mudstone identifies the source of sediment as the catchment
of Belbin Rivulet while other deposits on the farm composed of material from Triassic
sandstone and Jurassic dolerite originate in the catchment of Pigeon Hole Rivulet. These
clastic deposits coalesce to form an apron along the footslopes of the Meehan Range which
has subsequently been dissected by modern streams and by incisions migrating headward
from Pitt Water.
The processes associated with pediment and alluvial fan formation have in the past
often been seen as separate and discrete. This study has assessed process independent of
historical connotations and found that alluvial fans and pediments have features and
processes operating in common. They occur in similar landscape positions and are subject
to the same eroding/aggrading agents. In this area, with little differential tectonic uplift and
a limited supply of sediment, only a shallow veneer of sediment has been deposited in
contrast to alluvial fans found in tectonically active areas or where large amounts of
potentially mobile material are available eg., glacial till. Climatic change associated with
glacial cycles is the probable catalyst for the landscape instability which liberated the
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sediment. It is likely that most deposition occurred during transitional stages of the
vegetative communities or when climatic conditions were particularly severe and the slopes
were susceptible to erosion. These were often high energy events as evidenced by sediment
loads including dolerite clasts 10-30cm in diameter being carried l-2km in debris-flows.
The sediments comprising the Hanslow and Radar stratigraphic units have a common
origin in the Belbin Rivulet catchment but are apparently widely separated in time. The
relatively intact Hanslow unit is less weathered than the Radar unit which has more stream
channel and fewer, smaller debris-flow deposits. Sediments deposited from adjacent
hillslopes are by nature, variable, as shown by the Near Dam, Thistle, Wattle and Roberts
units which vary in composition from predominantly Jurassic dolerite derived clays to
predominantly clasts of Triassic sandstone. Therefore, correlation among these units is
difficult but stratigraphic position, degree ofweathering and nature of sediment suggest that
the Hanslow and Near Dam units are coeval as are the Wattle and Radar Road units and the
Radar and Roberts units.
Soil morphology and physical and chemical properties vary with age and
composition of the associated stratigraphic unit. Efficient soil mapping, prediction of soil
properties and ultimately soil management depend on understanding the relationships of the
stratigraphic units (as soil parent materials) as they are exposed or buried by erosion and
deposition, eg., the clayey and sandy Tertiary sediments form cracking clay and duplex
profiles respectively in a complex distribution as they are subaerially exposed either as
backslopes or on the sides of incisions below the Quaternary pedisediment.
Properties varying with age can be demonstrated for the soils developed in the
modern floodplain of Belbin Rivulet (Holocene), and the Hanslow and Radar units
(Pleistocene). These include soil reaction, exchangeable Ca/Mg ratios and clay mineralogy
in addition to morphological development such as colour, horizon differentiation, solum
depth and structure.
The phenomenon of sand infills has been identified and is interpreted as having
formed in a previous periglacial environment when cold, windy and dry conditions caused
soil cracking and freezing. These conditionswere also conducive to aeolian activity and sand
filled the exposed vertical planar voids. The occurrence of the infills supports their use as
a time stratigraphic marker in this region.
Interpretations of quartz grain morphoscopy and granulometric analysis supported
the proposition of an aeolian origin for the infill sand.
Ferricrete, silcrete and calcrete deposits are also features of this landscape. Thin
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section and microprobe analyses of the silcrete have shown discrete intervals of iron and
silica deposition. The morphology and position in the landscape of these deposits indicate
that they were precipitated from groundwater flowing from higher-level Jurassic dolerite and
Triassic sandstone across hydraulic discontinuities in the Tertiary sediments below. Calcrete
deposits have formed subsequently often juxtaposed to the ferricrete.
Stratigraphic investigations of the alluvial deposits in the Coal River Valley revealed
a different landscape comprised of a sequence of terrace deposits and a pediment surface cut
in Tertiary basalt and Tertiary sediments. Thalwegs of the terraces have shown the discrete
topographic position of each stratigraphic unit along the valley sides. A nickpoint in the
chaimel of the Coal River at -l-20m elevation coincides with a number of phenomena
described around the coast of Tasmania and associated with higher sea levels of the Last
Interglacial stage. From the alignment of the older alluvial stratigraphic units (Enfield and
Coal) across the nick point it is concluded that they predate its formation while the evidence
for the Richmond unit, particularly the base of the unit, suggests a younger age for it. The
thalweg of the modern Holocene floodplain clearly shows the influence of the nickpoint. The
divergence of the floodplain and the existing channel of the Coal River below the nickpoint
suggest that there has been a relative lowering of sea level after the mid-Holocene.
Properties of the soils developed in the alluvial deposits reflect the relative age of
the stratigraphic units. Strong relationships with time can be shown for %K within the older
Pleistocene units and %P within the younger Holocene units. Soils generally become more
magnesic and more sodic over time. The sequence of soil morphological development is
considered to be similar to that described in other studies in coastal eastern Australia. Sand
infills also occur in older soils in the Coal Valley.
Two stratigraphic units have been identified in pedisediment deposited on the
footslopes of the Coal Valley. The pedisediment is alluvial in character but the stratigraphy
revealed a surface cut in the underlying Tertiary basalt and Tertiary sediments parallel to the
subaerial surface and considered to have been formed by streams flowing into the Coal
River, for example, prior channels of Plummers Creek. The pedisediment is composed of
material from reworked Coal River alluvium and the catchments of the tributary streams.
Aeolian deposits occur throughout the Coal River Valley representing several
episodes from the late Pleistocene and Holocene. Clay bands were identified in soils
developed in some of the older dunes.
Aeolian sand was evident in the A horizon of many of the described profiles indicating that
wind has been a significant factor in soil profile development in the Coal Valley.
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Appendix 2: Profile descriptions of soils sampled on theUniversity Farm.
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UF15 soloth Tertiary sediments
Sample Horizon ADM% pH E.G. %G %GS %FS %Silt %Glay GEG/melOOg Ga me Mg me Na me K me ESP EMgP GEG/IOOg clay
0-15 Apj 1.012 5.7 0.064 1.8 27 53 7 9 6 4.5 2 0.1 0.13 1.7 33.3 69.8
25-35 B21 1.0318 5.6 0.153 15 29 3 53 14.5 2.2 9.4 0.9 0.2 6.2 64.8 27.2
45-55 B22 1.0282 5.7 0.194 17 32 3 48 12.1 1.2 8.6 1.1 0.21 9.1 71.1 25.1
65-75 B31 1.0236 6.6 0.263 19 36 4 42 11.6 0.7 7.8 1.5 0.3 12.9 67.2 27.4
85-95 B32 1.0253 7.5 0.371 17 32 10 42 13.3 0.6 9 2.4 0.4 18.0 67.7 31.7
110-120 B33 1.0217 7.8 0.497 18 37 12 32 11.5 0.5 8.6 2.2 0.3 19.1 74.8 36.3
137-145 C 1.0137 8 0.368 21 49 13 18 7.8 0.4 6.6 1.4 0.32 17.9 84.6 44.1
UF16 solodic soil Near Dam unit
Sample Horizon ADM% pH E.G. %G %GS %FS %Silt %Glay GEG/melOOg Ga me Mg me Na me K me ESP EMgP GEG/IOOg clay
0-14 Ap 1.0081 5.6 0.057 1.4 24 58 10 6 5 3.2 1 0.1 0.09 2.0 20.0 83.3
20-30 B21 1.0271 6.1 0.093 17 47 11 28 13.9 6 7.8 0.6 0.14 4.3 56.1 50.5
40-50 B22 1.0382 7.2 0.183 18 40 1 1 33 20.5 7.2 13 1.5 0.17 7.3 63.4 61.7
60-70 B23 1.0386 8 0.269 27 36 9 27 23.9 8.6 15 2.4 0.2 10.0 62.8 90.2
210-220 D3 1.0352 8.5 0.182 26 41 12 23 21.2 4.9 15 3.4 0.25 16.0 70.8 93.0
UF20 solodic soil Roberts unit
Sample Horizon ADI\/1% pH E.G. %G %GS %FS %Silt %Glay GEG/melOOg Ga me Mg me Na me K me ESP EMgP GEG/IOOg clay
0-9 Apj 1.0162 5.7 0.095 2.4 21 52 13 9 6 4.7 2.2 0.1 0.12 1.7 36.7 69.8
18-28 B21 1.0218 6.3 0.166 19 43 14 25 13 3.8 8.3 1.1 0.19 8.5 63.8 52.0
38-47 B22 1.0358 7.2 0.304 15 42 1 1 33 18 3.7 11.9 2.5 0.23 13.9 66.1 54.2
57-65 B23 1.0549 8.1 0.478 20 31 13 36 30 5.3 20.5 5.1 0.56 17.0 68.3 83.6
UF22 brown clay Thistle unit
Sample Horizon ADM% pH E.G. %G %GS %FS %Silt %Glay GEG/melOOg Ga me Mg me Na me K me ESP EMgP GEG/IOOg clay
2-10 Ap 1.0432 6.5 0.119 1.6 18 35 11 31 29.2 21.2 7.8 0.1 0.4 0.3 26.7 93.3
20-30 B21 1.0744 6.6 0.204 15 26 10 49 43.3 29 12 0.2 0.31 0.5 27.7 87.7
30-40 B22k 1.0621 7.4 0.194 20 24 12 46 65.8 54.8 12.5 0.2 0.32 0.3 19.0 142.4
80-90 B23k 1.0498 8.3 0.194 7 11 5 25 68.2 58.5 15.5 0.6 0.23 0.9 22.7 270.6
UF24 prairie soil floodplain of Belbin Rivulet
Sample Horizon ADM% pH E.G. %G %GS %FS %Silt %Glay GEG/melOOg Ga me Mg me Na me K me ESP EMgP GEG/IOOg clay
0-10 A1 1.0511 6.4 0.052 2.8 8 38 23 27 27.3 19.7 7.7 0.2 0.4 0.7 28.2 100.0
20-30 B21 1.0686 6.8 0.044 5 31 24 43 34.8 23 13.4 0.4 0.32 1.1 38.5 81.3
40-50 B22 1.0735 7 0.028 5 26 22 47 39.2 21.4 16.6 0.4 0.28 1.0 42.3 83.8
50-60 B23 1.0678 7.1 0.033 7 29 20 45 33 18.9 16 0.4 0.25 1.2 48.5 72.7
APPENDIX 3: Analytical Data - University Farm Soils.
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Appendix 4: Profile Descriptions of soils sampled in the Coal Valley.
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CR129 CARRINGTON VARIANT
Sample Horizon AOM% PH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/IOOg clay %P %K %S
0-8 Ap 1.014 6 0.06 0.001 2.29 11.02 2.80 2.80 0.28 0.26 55.82 2.55 13 54 17 14 78.68 0.045 0.379 0.054
15-25 B21 1.031 5.7 0.09 0.001 0.76 19.06 2.81 8.83 1.30 0.19 68.89 6.84 11 39 14 32 59.56 0.008 0.454 0.019
30-40 B22 1.034 5.7 0.18 0.001 0.46 20.07 2.11 12.04 2.31 0.20 83.00 11.50 9 41 14 36 55.74 0.004 0.524 0.037
75-85 D1 1.034 8 0.43 0.03 0.17 21.07 2.01 16.05 4.31 0.29 107.57 20.48 17 32 10 39 54.03 0.003 0.894 0.032
160-170 D3 1.031 8.9 0.56 0.051 0.17 19.06 2.61 15.05 4.21 0.50 117.37 22.11 16 39 12 33 57.75 0.003 1.366 0.011
250-260 03 1.032 8.7 0.67 0.024 0 19.06 2.51 14.04 3.81 0.61 110.05 20.00 8 46 12 34 56.06 0.004 1.14 0.012
OR132 CARRINGTON
Sample Horizon AOM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/1 OOg clay %P %K %S
0-10 Apj 1.014 6.3 0.07 0.001 2.72 11.15 3.04 3.14 0.43 0.29 61.91 3.82 12 58 17 10 111.54 0.045 0.657 0.042
20-30 B21 1.027 6.3 0.11 0.004 1.36 18.49 4.42 8.52 1.75 0.22 80.61 9.44 7 42 27 24 77.03 0.005 0.739 0.018
40-50 B22 1.034 6.9 0.27 0.017 0.86 21.71 5.27 12.41 3.10 0.26 96.90 14.29 5 35 27 30 72.38 0.002 0.805 0.017
60-70 B23 1.038 7.6 0.39 0.036 0.76 21.80 4.88 13.49 3.84 0.34 103.48 17.62 4 40 26 29 75.17 0.002 0.825 0.019
80-90 B24 1.028 8.2 0.46 0.036 0.36 16.45 3.60 9.97 3.19 0.34 103.94 19.38 10 47 22 21 78.32 0.001 0.829 0.016
1 60-1 70 01 1.05 8.8 1.01 0.083 0.27 31.50 6.83 19.95 6.30 0.74 107.33 20.00 9 31 21 40 78.75 0.001 0.706 0.016
250-260 02 1.055 8.4 0.94 0.092 0.27 35.87 7.49 22.16 2.32 0.93 91.71 6.47 11 30 18 41 87.49 0.001 0.929 0.012
CR133 RICHMOND
Sample Horizon AOM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/IOOg clay %P %K %S
0-10 Ap 1.01 5.6 0.05 0.009 1.57 8.08 2.63 0.93 0.20 0.14 48.25 2.50 20 61 13 5 161.60 0.032 1.009 0.029
30-40 A2e 1.007 6.2 0.02 0.001 1.46 5.04 2.62 0.76 0.07 0.13 71.00 1.40 15 63 14 6 83.92 0.014 1.136 0.013
50-60 B21 1.024 7.1 0.05 0.001 0.96 14.34 7.27 5.84 0.51 0.23 96.57 3.57 13 47 15 26 55.14 0.01 1.305 0.016
80-90 B21 1.022 7.7 0.08 0.003 0.66 14.31 5.83 7.46 0.76 0.18 99.43 5.29 10 58 13 20 71.54 0.012 1.404 0.015
100-110 01 1.023 7.9 0.15 0.01 0.46 13.30 4.71 7.77 1.33 0.14 104.92 10.00 5 67 12 15 88.66 0.011 1.434 0.014
150-160 01 1.028 9.2 0.27 0.018 0.36 17.48 3.60 11.31 3.91 0.32 109.47 22.35 3 60 18 21 83.22 0.012 1.495 0.012
CR134 INVERQUHARITY
Sample Horizon AOM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/IOOg clay %P %K %S
0-10 Ap 1.011 6 0.04 0 1.77 9.10 3.24 1.31 0.00 1.31 64.44 0.00 41 41 9 7 129.99 0.055 1.323 0.036
15-25 A2e 1.008 5.7 0.02 0 0.46 6.05 2.62 1.31 0.00 0.40 71.67 0.00 43 44 8 5 120.96 0.026 1.308 0.012
30-40 A3 1.012 6.3 0.02 0.001 0.46 8.10 4.45 2.23 0.00 0.30 86.25 0.00 50 32 10 9 89.96 0.023 1.325 0.013
42-48 B21 1.023 6.8 0.03 0 0.56 15.35 8.49 4.50 0.10 0.31 87.33 0.67 40 30 7 23 66.72 0.024 1.248 0.018
50-60 B3 1.02 7.2 0.03 0 0.46 13.26 7.75 4.59 0.10 0.10 94.62 0.77 38 33 7 21 63.14 0.023 1.229 0.016
80-90 C 1.013 7.4 0.03 0 0.17 9.12 5.07 3.95 0.10 0.10 101.11 1.11 40 41 7 13 70.13 0.018 1.269 0.01
110-120 C 1.013 7.5 0.02 0 0.17 9.12 5.17 4.25 0.10 0.10 105.56 1.11 44 38 6 12 75.98 0.017 1.313 0.008
170-180 C 1.013 7.7 0.02 0 0.17 8.10 4.56 4.25 0.20 0.10 112.50 2.50 39 44 5 11 73.67 0.013 1.249 0.007
Appendix 5 : Analytical Data - Coal Valley Soils
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OR136 COAL
Sample Horizon ADM% pH E.G. %GI %G GEG/mel OOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/IOOg clay %P %K %S
0-10 Apj 1.023 5.9 0.05 0 3.81 11.25 3.48 3.27 0.31 0.20 64.55 2.73 16 46 12 21 53.59 0.043 0.548 0.061
20-28 B21 1.031 5.1 0.11 0.004 1.67 16.50 3.20 7.42 1.55 0.21 75.00 9.38 16 35 11 37 44.58 0.013 0.628 0.032
35-45 B22 5.8 0.27 0.011 1.1 16 31 11 42
55-65 B23 5.9 0.45 0.032 0.81 18 25 11 45
80-90 D1 5.6 0.54 0.057 0.41 28 31 7 33
110-120 D1 5.6 0.53 0.047 0.29 28 34 6 30
140-150 D2 5.7 0.48 0.062 0.23 25 32 5 36
OR 215 STRELLEV
Sample Horizon ADM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glav GEG/IOOg clay %P %K %S
0-10 Apj 1.021 5.8 0.06 0.001 2 13.27 2.55 2.96 0.51 0.26 47.31 3.85 10 60 18 8 165.91 0.054 0.666 0.06
20-30 B21 1.022 7.5 0.52 0.003 0.77 16.35 3.37 6.54 1.43 0.22 70.75 8.75 14 44 17 22 74.33 0.01 0.761 0.025
40-50 B22 1.028 6.4 0.16 0.01 0.51 17.48 3.29 9.15 2.98 0.24 89.59 17.06 13 42 17 26 67.22 0.005 0.808 0.05
60-70 B23 1.033 7 0.29 0.023 0.4 20.66 3.20 11.36 4.44 0.28 93.35 21.50 12 42 12 33 62.61 0.002 0.774 0.055
80-90 D1 1.034 8 0.54 0.027 0.26 20.68 3.31 12.41 5.07 0.32 102.05 24.50 37 22 15 24 86.17 0.003 1.116 0.02
110-120 D1 1.041 8.2 0.65 0.033 0.13 24.98 3.75 15.62 6.14 0.45 103.88 24.58 14 38 10 36 69.40 0.002 1.196 0.014
140-150 D1 1.036 8.4 0.66 0.031 0.06 24.86 3.83 14.50 6.11 0.57 100.63 24.58 29 22 14 35 71.04 0.01 1.503 0.009
OR 216 PINES
Sample Horizon ADI\/1% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Sllt %Glay GEG/IOOg clay %P %K %S
0-10 Ap 1.009 6.4 0.1 0.001 2 6.05 2.93 0.80 0.13 0.29 68.50 2.17 21 66 9 0 0.00 0.048 0.924 0.044
20-30 A12 1.004 6.1 0.05 0.001 0.4 3.01 1.31 0.46 0.08 0.07 63.67 2.67 19 72 8 0 0.00 0.012 1.056 0.011
35-45 A12 1.004 6.8 0.04 0.001 0.32 2.01 1.31 0.79 0.16 0.05 1 15.00 8.00 11 78 10 0 0.00 0.01 1.114 0.01
50-60 2B21 1.019 7.9 0.1 0.001 0.85 11.21 4.13 5.50 1.43 0.22 100.64 12.73 1 1 54 13 20 56.05 0.007 1.039 0.014
80-90 2B21 1.024 8.9 0.17 0.004 0.71 13.31 3.79 6.86 2.36 0.34 100.23 17.69 15 47 11 24 55.47 0.002 0.66 0.014
OR 217 APRICOT
Sample Horizon ADM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/IOOg clay %P %K %S
0-10 Ap 1.014 5.5 0.05 0 3.34 12.17 4.16 1.32 0.14 0.42 49.58 1.17 8 60 13 14 86.91 0.059 1.388 0.037
20-30 A12 1.014 6.3 0.03 0 1.75 11.15 6.69 2.13 0.20 0.19 82.64 1.82 6 57 17 18 61.97 0.03 1.428 0.024
40-50 A2 1.03 6.7 0.03 0.001 1.14 10.30 7.00 2.47 0.19 0.15 95.30 1.80 5 65 23 7 147.14 0.022 1.556 0.015
50-60 B21 1.029 7.4 0.04 0.001 0.92 18.52 11.32 5.45 0.44 0.30 94.56 2.39 9 50 10 28 66.15 0.027 1.491 0.024
80-90 B3 1.02 7.6 0.04 0.001 0.64 13.26 8.26 4.69 0.41 0.18 102.15 3.08 22 49 8 19 69.79 0.024 1.418 0.014
150-160 D1 1.011 7.7 0.05 0.001 0.5 7.08 3.54 2.63 0.28 0.10 92.57 4.00 85 7 3 4 176.93 0.028 1.359 0.008
Appendix 5 : Analytical Data - Coal Valley Soils
CR 218 SOUTHFORK
Sample Horizon ADM% pH E.G. %G1 %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/lOOg clay %P %K %S
0-10 Ap 1.016 5.7 0.05 0 3.7 10.16 4.57 2.74 0.10 0.20 75.00 1.00 29 49 13 2 508.00 0.049 0.142 0.064
25-30 A2j 1.013 5.8 0.05 0 1.91 9.12 2.03 3.14 0.51 0.10 63.33 5.56 28 52 12 5 182.34 0.015 0.105 0.023
30-40 B21 1.021 5.8 0.12 0.001 1.29 14.29 2.04 6.53 1.33 0.10 70.02 9.30 22 42 12 21 68.07 0.007 0.106 0.019
60-70 B22 1.019 5.9 0.26 0.008 0.85 12.23 1.12 6.73 2.65 0.10 86.67 21.67 22 45 4 28 43.67 0.003 0.095 0.016
80-90 B23 1.022 5.7 0.36 0.017 0.57 14.31 0.92 7.15 3.37 0.10 80.71 23.57 21 46 3 28 51.10 0.001 0.102 0.014
120-126 D1 1.049 5.3 0.75 0.039 0.64 29.37 1.68 16.78 7.66 0.10 89.29 26.07 9 32 11 45 65.27 0.001 0.136 0.019
140-145 D2 1.076 4.9 1.43 0.081 0.92 45.19 2.58 26.90 12.91 0.11 94.05 28.57 2 11 12 72 62.77 0.001 0.118 0.028
CR 219 LABURNAM
Sample Horizon ADIVI% pH E.G. %GI %G GEG/mel OOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glav GEG/IOOg clay %P %K %S
0-9 Ap 1.04 5.9 0.08 0.002 3.07 29.12 8.22 9.98 1.14 0.22 67.18 3.93 8 41 14 32 91.00 0.058 0.218 0.066
20-30 B21 1.05 6.2 0.16 0.004 1.83 34.65 8.61 14.70 2.94 0.23 76.42 8.48 8 36 13 39 88.85 0.022 0.251 0.042
45-55 B22 1.059 7.1 0.74 0.031 1.14 38.12 10.59 21.18 5.82 0.24 99.25 15.28 7 31 13 46 82.88 0.009 0.224 0.04
60-70 B23 1.078 7.4 1.34 0.064 1.37 50.67 12.94 28.03 8.95 0.28 99.06 17.66 3 19 16 58 87.36 0.005 0.233 0.074
CR 220 RIVERSDALE
Sample Horizon ADM% pH E.G. %GI %C GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/IOOg clay %P %K %S
0-10 Ap 1.021 6.1 0.06 0.001 2.56 18.38 6.02 4.19 0.40 0.11 58.33 2.17 13 50 16 16 114.86 0.057 0.206 0.049
12-18cm B1 1.022 5.8 0.06 0.001 2.31 17.37 5.72 4.50 0.53 0.11 62.53 3.06 13 51 14 15 115.83 0.043 0.219 0.046
20-30 B21 1.04 6.5 0.13 0.001 1.29 26.00 8.1 1 11.44 1.66 0.12 82.08 6.40 11 38 14 33 78.79 0.011 0.201 0.026
50-60 B22 1.057 7.4 0.29 0.008 1.14 37.00 10.57 20.08 3.28 0.17 92.17 8.86 9 33 10 44 84.08 0.014 0.255 0.035
70-80 C 1.081 8.1 0.65 0.025 1.07 47.56 14.05 31.35 6.16 0.16 108.75 12.95 4 25 12 55 86.48 0.013 0.331 0.07
CR 221 ENFIELD
Sample Horizon ADM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Sllt %Glay GEG/1 OOg clay %P %K %S
0-10 Apj 1.011 5.8 0.07 0.001 2.07 10.11 2.22 2.22 0.33 0.09 48.20 3.30 24 49 13 8 126.38 0.038 0.333 0.043
20-30 B21 1.024 5.4 0.14 0.002 1.07 15.36 2.56 8.19 1.33 0.13 79.53 8.67 22 41 13 20 76.80 0.007 0.428 0.038
45-55 B22 1.04 7 0.28 0.009 0.78 23.92 2.91 16.64 3.43 0.25 97.13 14.35 17 31 13 36 66.44 0.003 0.439 0.051
70-80 D1 1.061 7.8 0.91 0.039 0.71 41.38 3.93 30.77 9.02 0.87 107.74 21.79 11 27 19 40 103.45 0.002 0.74 0.041
CR 222 CHURCHILL
Sample Horizon ADM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Sllt %Glay GEG/IOOg clay %P %K %S
0-10 A1 1.06 6.2 0.11 0.001 5.62 46.64 14.84 14.84 1.06 0.78 67.59 2.27 2 17 25 48 97.17 0.086 1.021 0.102
20-30 B21 1.075 6.8 0.14 0.002 3.99 59.13 20.43 22.58 2.37 0.45 77.49 4.00 2 9 20 63 93.85 0.057 0.852 0.072
50-60 B22 1.087 7 1.08 0.063 2.73 63.05 21.74 32.61 6.85 0.25 97.47 10.86 1 4 16 74 85.20 0.026 0.777 0.052
80-90 B22 1.079 7.7 2.26 0.116 2.31 58.27 20.50 32.37 9.06 0.22 106.67 15.56 1 5 17 72 80.93 0.016 0.849 0.045
110-120 B23 1.079 8 2.3 0.124 1.59 55.03 19.42 34.53 7.98 0.19 112.90 14.51 1 8 22 68 80.93 0.01 0.968 0.03
160-170 B24 1.066 8.2 1.18 0.052 1.37 45.84 18.12 28.78 4.26 0.19 112.05 9.30 1 20 22 55 83.34 0.012 1.142 0.028
Appendix 5 : Analytical Data - Coal Valley Soils
OR 296 STOCKDALE
Sample Horizon ADM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glav GEG/IOOg clay %P %K %S
3-11 cm All 1.024 6.4 0.1 0.001 2.2 17.41 12.29 5.22 0.20 0.31 103.53 1.18 5 64 7 22 79.13 0.055 1.449 0.065
20-30 All 1.022 6.2 0.08 0.001 1.71 18.40 12.26 5.11 0.20 0.20 96.67 1.11 5 61 11 22 83.62 0.057 1.466 0.047
35-45 2A12 1.026 5.2 0.4 0.001 2.1 21.55 15.39 5.75 0.31 0.21 100.48 1.43 6 60 10 21 102.60 0.07 1.519 0.042
55-65 3B2 1.019 6.7 0.04 0.001 1.43 17.32 13.25 5.10 0.20 0.10 107.65 1.18 5 63 12 19 91.17 0.058 1.493 0.026
84-94 C 1.021 7 0.03 0.001 1.43 17.36 14.29 5.11 0.31 0.10 114.12 1.76 3 63 10 20 86.79 0.054 1.548 0.026
CR 297 CRANSTON
Sample Horizon ADM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glav GEG/IOOg clay %P %K %S
5-15cm Ap 1.059 6.4 0.09 0.003 2.96 41.30 9.64 22.24 1.48 1.27 83.85 3.59 1 20 10 63 65.56 0.045 1.316 0.056
25-35 B21 1.067 7.3 0.17 0.007 1.61 41.61 9.28 28.81 2.67 1.17 100.77 6.41 1 20 11 63 66.05 0.02 1.343 0.035
50-60 B21 1.065 8.1 0.52 0.025 0.83 40.47 7.56 29.82 4.79 0.85 106.32 11.84 1 24 11 63 64.24 0.015 1.387 0.032
80-90 B22 1.046 8.5 0.71 0.032 0.59 29.29 5.33 23.01 4.60 0.60 114.54 15.71 1 33 16 49 59.77 0.011 1.599 0.027
120-130 B23 1.043 8.6 0.74 0.035 0.51 27.12 4.28 20.86 4.17 0.58 110.23 15.38 1 34 17 48 56.50 0.006 1.633 0.015
1 50-1 60 B24 1.045 8.6 0.9 0.042 0.51 26.13 4.70 19.86 3.97 0.64 111.64 15.20 1 24 19 56 46.65 0.006 1.595 0.017
180-190 B25 1.048 8.5 0.8 0.042 0.51 27.25 4.51 20.96 3.67 0.62 109.19 13.46 2 26 17 54 50.46 0.003 1.433 0.014
CR 298 PENRISE
Sample Horizon ADM% pH E.G. %GI %G GEG/mel OOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glav GEG/IOOg clay %P %K %S
0-10 Ap 1.008 6 0.06 0 1.71 7.06 4.44 1.41 0.00 0.71 92.86 0.00 30 56 4 8 88.20 0.055 1.111 0.037
15-25 B21 1.006 5.6 0.03 0 1.08 5.03 2.01 0.91 0.00 0.40 66.00 0.00 27 61 3 8 62.88 0.039 1.122 0.021
30-40 B3 1.003 5.8 0.01 0 0.67 4.01 1.50 0.80 0.00 0.30 65.00 0.00 23 68 3 4 100.30 0.026 1.238 0.012
80-90 C 1.003 6.4 0.01 0 0.59 3.01 1.81 0.80 0.00 0.10 90.00 0.00 16 76 4 4 75.23 0.01 1.226 0.009
110-120 D1 1.01 7.1 0.02 0.001 0.67 6.06 4.14 2.12 0.10 0.10 106.67 1.67 13 71 3 13 46.62 0.012 1.439 0.008
140-150 D2 1.018 7 0.05 0.001 0.59 10.18 4.99 5.60 0.41 0.10 109.00 4.00 4 70 5 21 48.48 0.014 1.545 0.01
160-170 D3 1.007 7.1 0.04 0.001 0.75 4.03 1.91 2.92 0.20 0.10 127.50 5.00 7 72 9 12 33.57 0.007 1.265 0.009
190-200 D4 1.013 7.2 0.04 0.001 0.75 7.09 3.08 4.46 0.51 0.10 114.86 7.14 8 62 6 25 28.36 0.002 1.28 0.009
210-220 D5 1.023 7.2 0.04 0.001 0.67 13.30 5.22 7.06 0.92 0.10 100.00 6.92 10 51 5 32 41.56 0.003 1.241 0.008
250-260 D5 1.023 7.2 0.03 0.001 0.67 14.32 5.22 7.37 1.02 0.10 95.71 7.14 10 50 8 31 46.20 0.003 1.272 0.007
CR 299 ROSLYN
Sample Horizon ADM% pH E.G. %GI %G GEG/mel OOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/IOOg clay %P %K %S
0-10 Ap 1.029 6.2 0.06 0.001 2.74 22.64 15.44 5.04 0.31 0.21 92.73 1.36 6 51 13 26 87.07 0.079 1.359 0.062
30-40 B21 1.029 6.6 0.03 0 1.25 22.64 15.44 5.87 0.31 0.10 95.91 1.36 5 51 11 29 78.06 0.041 1.37 0.036
50-57 B21 1.026 7.1 0.02 0 1.08 17.44 13.34 5.54 0.21 0.10 110.00 1.18 6 52 16 24 72.68 0.032 1.394 0.032
70-80 C 1.018 7.3 0.02 0.001 0.83 12.22 9.57 4.28 0.10 0.10 115.00 0.83 8 60 12 20 61.08 0.032 1.497 0.024
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OR 300 NUGENT
Sample Horizon ADM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/IOOg clay %P %K %S
0-10 Ap 1.019 5.9 0.08 0.001 2 12.23 6.11 3.67 0.31 0.31 85.00 2.50 17 44 19 17 71.93 0.061 0.225 0.057
25-35 B21 1.019 6.8 0.11 0.002 0.75 13.25 4.89 6.11 1.32 0.10 93.85 10.00 23 34 11 31 42.73 0.009 0.215 0.028
45-55 B22 1.036 7.4 0.32 0.009 0.67 21.76 5.80 12.43 4.25 0.10 103.81 19.52 14 34 11 38 57.25 0.004 0.201 0.032
80-90 D1 1.05 5.8 0.85 0.047 0.44 29.40 5.78 17.85 7.35 0.21 106.07 25.00 29 27 11 30 98.00 0.001 0.694 0.061
OR 301 SOUTHFORK
Sample Horizon ADM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/IOOg clay %P %K %S
0-10 Apj 1.014 5.5 0.07 0.003 2.2 10.14 3.04 2.23 0.30 0.10 56.00 3.00 18 47 13 19 53.37 0.039 0.157 0.059
30-40 B21 1.021 5.5 0.07 0.001 0.75 14.29 2.04 5.62 1.12 0.10 62.14 7.86 21 37 9 31 46.11 0.01 0.128 0.025
50-60 B22 1.021 5.4 0.12 0.004 0.44 14.29 1.74 6.02 1.74 0.10 67.14 12.14 18 44 10 26 54.98 0.004 0.144 0.029
80-90 C 1.031 5.3 0.23 0.01 0.29 18.56 1.65 8.97 3.81 0.21 78.89 20.56 15 42 11 30 61.86 0.001 0.327 0.028
110-120 D1 1.036 5.3 0.29 0.015 0.29 21.76 1.76 12.43 5.18 0.31 90.48 23.81 15 36 10 37 58.80 0.001 0.643 0.024
135-145 D2 1.031 5.6 0.29 0.015 0.29 18.56 1.75 11.34 4.95 0.21 98.33 26.67 36 23 18 22 84.35 0.001 1.233 0.016
OR 302 DAISY
Sample Horizon ADM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me. Base Sat% ESP%
CO
u
0^ %FS %Sllt %Glay GEG/IOOg clay %P %K %S
0-10 Apj 1.018 5.7 0.06 0.002 2.86 14.25 3.16 3.46 0.31 0.14 49.57 2.14 9 48 16 22 64.78 0.048 0.198 0.064
17-24 B1] 1.017 5.7 0.05 0 1.43 13.22 2.34 3.97 0.47 0.12 52.15 3.54 9 48 14 25 52.88 0.022 0.2 0.033
25-35 B21 1.014 6.3 0.07 0.001 0.51 9.13 1.72 4.36 0.53 0.10 73.56 5.78 12 43 14 30 30.42 0.014 0.172 0.024
45-55 B22 1.018 7.6 0.15 0.005 0.36 1 1.20 1.63 6.92 1.43 0.12 90.18 12.73 12 38 13 37 30.26 0.009 0.193 0.028
65-75 B3 1.026 8.3 0.33 0.016 0.29 15.39 1.85 11.29 2.98 0.23 106.13 19.33 8 30 15 44 34.98 0.006 0.255 0.021
110-120 D1 1.034 8.5 1.08 0.053 0.21 23.78 2.27 17.58 6.00 0.50 110.78 25.22 1 6 28 64 37.16 0.012 0.554 0.023
1 50-1 60 D1 1.032 8.3 1.29 0.06 0.21 22.70 2.17 15.48 5.88 0.53 105.95 25.91 1 3 32 63 36.04 0.022 0.55 0.023
CR 303 ENFIELD
Sample Horizon ADM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/1 OOg clay %P %K %S
0-10 Apj 1.014 6.2 0.1 0.002 2 12.17 - 4.66 4.26 0.30 0.41 79.17 2.50 16 57 10 15 81.12 0.052 0.219 0.059
20-28 B21 1.022 5.8 0.1 0.001 0.77 7.15 4.09 7.67 0.82 0.31 180.00 11.43 15 47 10 28 25.55 0.008 0.218 0.034
35-45 B22 1.024 6.2 0.14 0.002 0.54 15.36 2.05 7.30 1.13 0.10 68.86 7.33 15 47 9 28 54.86 0.004 0.202 0.059
55-65 B23 1.023 7 0.19 0.005 0.4 15.35 2.35 9.82 1.53 0.10 90.00 10.00 15 50 7 25 61.38 0.001 0.218 0.041
85-95 D1 1.038 7.6 0.37 0.015 0.3 23.87 3.32 16.61 1.56 0.31 91.30 6.52 21 30 15 35 68.21 0.001 0.591 0.038
130-140 D2 1.058 7.9 0.46 0.019 0.33 41.26 5.61 33.86 6.45 0.63 112.82 15.64 13 36 9 42 98.24 0.006 0.783 0.018
CR 304 SOUTHFORK
Sample Horizon ADM% pH E.G. %GI %G GEG/melOOg Ga me Mg me Na me K me Base Sat% ESP% %GS %FS %Silt %Glay GEG/IOOg clay %P %K %S
0-10 Apj 1.013 6.4 0.06 0.001 1.43 10.13 3.55 3.75 0.51 0.10 78.00 5.00 24 55 12 8 126.63 0.033 0.143 0.035
20-30 B21 1.026 6.1 0.19 0.008 1.01 17.44 4.21 8.82 2.57 0.10 90.00 14.71 21 39 8 31 56.26 0.007 0.113 0.025
50-60 B22 1.021 5.9 0.24 0.004 0.4 13.27 1.94 7.25 2.45 0.10 88.46 18.46 25 48 3 22 60.33 0.001 0.089 0.034
80-90 D1 1.051 6.3 0.32 0.011 0.33 35.73 4.41 21.02 8.09 0.32 94.71 22.65 15 25 16 43 83.10 0.002 0.545 0.019
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Appendix 6
Methods
1. University Farm Soils
a. Pre-treatment of field specimens
Soil was broken into small clods and air dried by leaving it in aluminium trays on
the bench top for at least seven days in a temperature-controlled room at 20°C. The air
dry soil was then ground with a mortar and pestle and passed through a 2mm sieve. The
fine earth was stored in air-tight polycarbonate jars. Air dry moisture percentage was
determined on this material after drying in an oven at 105°C for 24 hours.
b. Particle size analysis
Particle size analysis followed the method for the plummet balance as outlined in
Loveday (1974) where the method is modified depending upon pH, presence of CaCOj,
electrical conductivity and %carbon. Specimens were initially analysed in the CSIRO
laboratories in Hobart (under the supervision of Mr.A.M. Grayley). 25g of air dried soil
were dispersed in 1250ml sedimentation cylinders. Specimens were analysed later at the
University by plummet balance procedure using 20g of soil in 1000ml sedimentation
cylinders. Specimens analysedby both methods showed the results to be comparable.
c. pH and electrical conductivity (E.G.)
pH and EC were measured by glass electrode conductivity cell respectively on
1:5 soil-water suspensions and corrected to 20°C.
d. Organic carbon
Percent oxidizable carbon was measured using the Walkley-Black method as
outlined in Loveday (loc. cit.).
e. Cation exchange capacity
The cation exchange capacity and exchangeable cations were measured using a
method modified after Tucker (1985). This method was adopted because it suited the
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facilities available, was thought appropriate to the soils being analysed and although
relatively untried, it is the method recommended by Tucker towards the end of a long
and distinguished research career in this field. The mixing machine described by Tucker
was not available and was substituted by a wrist action shaker. Duplicates indicated good
reproducibility.
(NH4)2S04 was the only extractant used, there being no need to partition the
exchangeable cations using choline chloride.
Some mechanical problems with the technique were associated with centrifiigation.
After the first glycerol wash, the clay dispersed and high centrifuge speeds were
required. Thus much of the clay was compacted into the bottom of the centrifuge tube
creating a re-suspension problem. A thin spatula was needed to dig out the clay for re
mixing. This problem was particularly acute with the dispersive clays (particularly the
Tertiary clays) and may have affected the efficiency of the cation-displacing reagent.
Some specimens were sent to the CSIRO Division of Soils Laboratory, Glen
Osmond, South Australia for comparison. Unfortunately, a direct comparison was not
possible because in these determinations only choline chloride was used as an extractant
and the relative proportions of cations extracted by (NH4)2S04 and choline chloride is not
known for these soils. There are some obvious inconsistencies among the results such as
the low exch.K values with the choline chloride extracts and the high exch.Ca and high
CaEC for the (NH4)2S04 extracts for the UF22 30-40cm specimen which contained
calcareous segregations. However, the ratios of the cations from both laboratories are
similar and given the problems of consistency between laboratories and methods (Gillman
et al, 1983), and that for the purpose of this thesis, comparative rather than absolute
values are used, the results are considered satisfactory. The comparative values for
exchangeable cations and CEC for four extraction methods (choline chloride, NH4CI
(pH7.0), NH4CI (pH8.5) analysed at Glen Osmond and the (>^4)2864 results (of the
author) are given in Table 22.
Table 22. A comparison of four methods of CEC analysis using selected
specimens from the University farm (meq/kg soil).
Ca Mg Na K Total CEC BaseSat%
UF7 0-13cm
m.)2so. 53 39 2 3 97 70 139
Choline chloride 43.7 34.2 3.4 0.2 81 92 88
NH4CI pH8.5 40.5 33.4 4.9 3.4 82 158 52
NH4CI pH7 59.4 37.1 4 3.3 104 129 81
UF7 19-25cm
(NH4)2S04 37 183 28 8 256 335 76
Choline chloride 87 176 32 0.43 295 366 81
NH4CI pH8.5 43.4 158 35.4 8.5 245 494 50
NH4CI pH7 39.4 178 32 8.3 258 405 64
UF7 34-43cm
(NH4)2S04 20 227 34 7 288 393 73
Choline chloride 26.3 224 50.8 0.4 301 436 69
NH4CI pH8.5 36.2 208 53.6 7.3 305 530 58
NH4CI pH7 19.8 235 52.7 7.8 315 485 65
UF7 52-58cm
(NH4)2S04 13 252 77 5 347 388 89
Choline chloride 12 251 68.7 0.2 332 425 78
NH4CI pH8.5 22.4 246 105 5.2 378 600 63
NH4CI pH7 13.4 255 86.4 5 360 502 72
UFll 0-15cm
(NH4)2S04 49 16 1 1 67 60 112
Choline chloride 30.8 15.3 0.9 0.2 47 60 78
NH4CI pH8.5 50.6 16.2 2.1 1.8 71 87 82
NH4CI pH7 51.8 17.6 2.2 1.9 74 63 117
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Table 22 (cont.)
Ca Mg Na K Total CEC BaseSat%
UFll 15-27cm
(NHJ^SO^ 81 81 9 2 173 173 100
Choline chloride 69.7 73 12.1 0.2 155 158 98
NH4CI pH8.5 84 74.4 15.3 1.6 175 210 83
NH4CI pH7 89.8 81.1 14.2 1.7 187 179 104
UFll 37-47cm
(NH4)2S04 98 162 41 2 303 299 101
Choline chloride 92.4 145 47 0.2 284 289 98
NH4CI pH8.5 104 156 49.7 23 312 340 92
NH4CI pH7 109 158 48.8 23 317 312 102
UFll 185-195cm
(NH4)2S04 103 357 80 9 549 476 115
Choline chloride 109 352 89.2 0.66 551 592 93
NH4CI pH8.5 104 366 97.9 9.4 577 572 101
NH4CI pH7 131 375 81.9 9.7 598 563 106
UFll 220-230cm
(NH4)2S04 100 390 102 11 603 570 106
Choline chloride 120 422 127 7.5 670 709 94
NH4CI pH8.5 114 440 127 12.1 694 686 101
NH4CI pH7 129 433 114 12.3 689 666 103
UF14 23-32cm
(NH4)2S04 14 73 10 1.7 98.7 137 72
Choline chloride 16.8 73.1 15 0.2 105 144 73
NH4CI pH8.5 14.8 69.2 17.8 1.9 104 189 55
NH4CI pH7 15.3 75.5 16.8 2 110 156 71
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Table 22 (cont.)
Ca Mg Na K Total CEC BasSat%
UF14 40-50cm
(NH4)2S0, 8 84 15 1.9 108.9 132 83
Choline chloride 10.1 89.6 21.1 0.2 121 146 83
NH4CI pH8.5 9.1 84.4 23.6 1.7 119 175 68
NH4CI pH7 10.6 91.6 23.1 1.9 127 151 84
UF14 70-80cm
(NH4)2S04 6 81 18 1.7 106.7 113 94
Choline chloride 8 84.4 25.7 0.2 118 128 92
NH4CI pH8.5 7.5 82.4 29 1.9 121 139 87
NH4CI pH7 11 89.8 28.8 2 132 122 108
UF14 380-390cm
(NH4)2S04 29 182 52 6 269 300 90
Choline chloride 35.3 204 76.7 1.08 317 327 97
NH4CI pH8.5 40.2 216 82.4 8.6 348 349 100
NH4CI pH7 42.2 219 79.4 8.6 349 337 104
UF22 30-40cni
(NH4)2S04 548 125 2 3.2 678.2 658 103
Choline chloride 220 99.7 2.4 0.2 322 336 96
NH4CI pH8.5 250 113 4.3 3.2 371 381 97
NH4CI pH7 460 123 3.9 3.2 590 372 159
UF24 20-30cm
(NH4)2S04 230 134 4 3.2 371.2 348 107
Choline chloride 146 111 2.2 0.2 259 275 94
NH4CI pH8.5 212 124 5 3.4 344 412 83
NH4CI pH7 295 136 4.3 3.3 438 407 108
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f. Calcium carbonate
Calcium carbonate was determined using the method as outlined in Loveday
(1974).
g. X-ray diffraction
The < 2/i fraction was collected from the sedimentation cylinders at the completion
of the particle size analysis. Initially clay suspensions were flocculated using acetic acid
but this consumed large quantities of acid and NaCl was found to be more efficient. The
clay was thrown down in a centrifuge tube to a consistency suited to the production of
glass slides.
Four treatments were used including Ca-saturation (in lieu of Mg-saturation,
Beattie, pers.comm.), K-saturation, heat treatment of K-saturated mounts, and glycerol
solvation of Ca-saturated mounts. Heat treatment involved placing the glass slides in an
oven at 500-550°C for 2 hours. Glycerol solvation was first attempted by suspending Ca-
saturated slides above glycerol in a closed container at 70°C for 3 hours. This did not
produce the expected 17.7A peak characteristic ofmontmorillonitic smectite clays and
may be diagnostic for beidellite (Borchardt, 1977), being less responsive to the glycerol
due to the Al^^ substitution in the tetrahedral layer. However, for the purposes of this
thesis, the identification of clay groups rather than individual species was adequate and a
more confident identification of the smectites could be made by mixing a few drops of
glycerol and water with the Ca-saturated clay before smearing on the glass slide. This
produced a 17.7A peak. Thesmectites produced a 12.6A peak with K-saturation and this
was also used to identify the smectites although there is some potential for confusion with
low-charge vermiculites (Thorez, 1975). The treatments do not differentiate vermiculite
from degraded illite although a lOA peak might be expected for a degraded illite
representing the less weathered lattice away from the edges. Also, degraded illite is
expected to collapse fiilly when saturated with K, prior to heat treatment.
Criteria used to differentiate each of the clay groups are those of Whittig (1965) as
shown in Table 23.
Table 23. X-ray diffraction spacings and specimen pre-treatments used in the
identification of the major clay groups.
Ca Glycerol K 500* C
kaolinite 1.2k 7.2 1.2k no peak
mica (illite) loA loA loA lOA
degraded
illite/vermiculite
14A 14A loA lOA
montmorillonite 14A 17.7A 12.6A lOA
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The slides were scanned on a Phillips diffractometer using Cuka radiation and a
scanning rate of 2°20/min with a slit of 4° for the Ca, K and heat treated specimens and
2° for the glycerol solvated specimens. Some specimens which showed ambiguous peaks
were re-scanned at l°20/min using a 2° slit width.
Interpretation of the diffractograms was based on data presented in Whittig (1965),
Bear (1965), Thorez (1975), and Fanning and Keramidas, Douglas, Borchardt, Barnhisel,
and Dixon in Dixon et al (1977).
h. Sieving
Duplicate <2mm specimens of 100-150g each were used. A horizon materials
were treated with hydrogen peroxide and clay materials were boiled and dispersed using
NaOH and sodium hexametaphosphate. The 20-2000/i fraction was separated from the
silt and clay fractions using the 25cm settling times for the > 20/i fraction in 1250ml
cylinders and decanting the supernatant with a U-shaped siphon.
The 20-2000/i fraction was oven dried at 105°C, then sieved at 0.5<p intervals
using Endecott half-height, fine test sieves in an Endecott shaker for lOmins. Percentage
weights entered into a programme (written by N.Chick, Dept. of Geography, University
of Tasmania and later extensively modified with the assistance of George Embrey,
Mackay, Queensland to run on an IBM-compatible MSDos3.2 computer) to calculate
mean particle size, sorting, skewness and kurtosis. The program source code written in
Pascal is listed in Appendix 7.
Figure 51: X-ray diffractograms of Ca-saturated, K-saturated and
glycerol-solvated specimens from profiles UP11 and UP14
UFn/220-230 UF11/160-183cm I. UFI1/76-88cm UFI1/37-47cm
Ca saturated
K saturated
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1. Electron microscopy and microprobe analysis
Samples of quartz grains were separated from both Proline cored and pit-sampled
specimens. Specimens from the A horizons were treated with HjOato remove organic
matter while clays were dispersed with sodium hexametaphosphate before washing in
water. All specimens were boiled in conc.HCl for ten minutes. Some of the samples
were boiled in a stannous chloride solution in order to remove iron staining as described
by Krinsley and Doomkamp (1973). However, all the grains treated with the stannous
chloride were left with a characteristic surface texture which was shown by microprobe
analysis to be due to stannous chloride residue. The treatment was discontinued.
Over 20 monocrystalline quartz grains were chosen using a binocular microscope
and a moistened needle and mounted on a SEM stub using double-sided adhesive tape.
The grains were then coated with gold and viewed with a Phillips 505 scanning electron
microscope. Many specimens were checked for composition on a microprobe and all
grains so tested were quartz.
2. Coal River soils
Soils from the Coal River Valley work were analysed by two laboratories.
Analyses performed by the Dept. of Agriculture laboratory at Mt.Pleasant, Launceston,
Tasmania by B.J.Hoare were pH, electrical conductivity, %chloride, %C (Walkley-
Black) and particle size analysis. Analyses undertaken by D.Baker at the laboratories of
the Queensland Dept. of Primary Industries, Indooroopilly, Brisbane were CEC and
exchangeable cations (NH4CL at pH7.0 for acid soils and at pH8.5 for alkaline soils),
and total P and K (X-ray spectrometer).
3. Soil profile descriptions - conventions followed
Soil profiles were described in computer compatible-format using the codes from
the "Australian Soil and Land Survey Field Handbook" (McDonald et al, 1990). Soil
colours were assessed using Oyama and Takehara (1967) colour charts. Soil moist
colours are used in the text unless specified as dry.
Appendix 7. Computer program (in Pascal) used to calculate statistics
for granulometric analysis
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PROGRAM Sedimenl (Input, Output ),
{$R+} {Activate the nm-lime index checking }
LABEL
ExtraBaich, ChangeType, NexlSamplc ,
TYPE
slnnglO = stnng
strjngll = stnng
string! 4 = stnng
an . .stnng8<
Wei&lAnay = an^yRealAmiy =arra^ [i 1.58] of real;,60] of real;
261 of real;Sizes 5 anay
Parameters = array [1..40Lof real;
InterpArray = array '
Fourlnt =
11..^^ of re^,
array [f .41 of integer;
' array [I..4] of real;
{ INTEGERS •—> )
N, { number of phi units in data matrix calculations }
—1, « I 1 iU.o \ 'Sample, I numteroFthissample J.
Samples, { number of samples m tnb bab;hjr. ' jCount, { counter for Uncpnnter oulpi
I, f mlerrolation pomt counter J\^number of imerpc^lation points J
, ^ } pomt I
toned, T^^^gitude :degree }
Laid, {Latitude : degrees }
Row, Col { Y aixlX positions on the VDU screen )
• integer;
{ REALS • > }
Int, { pU size mterval }
toiwl, * ' '* •*
FirslPhi,
LastPhi,
Lcngm,
Latm,
Altitude,
diff,
^ ni i r ui /
f onginal sample weight before splUtmg}
^ phi sizeof the coarsest fraction }
{ nhi size of the finest fractwn }
{"Longitude, minutes part }
{latitude, mmules part }
fAltitude or depth of sample }
{ uiffcrenoe between onginal sample weight and the
sum of the fractional weights }
{ Number of mlerpolation pomts }
I Initial size fof mlerpolation }
r Interpolation mterval |
^npi,
Ophi,
Dpi
: real;
{ Arrays : >
WT, CUM • WeightArray:
phi! per : RealAnay, '
PHIVAL . Sizes; \ isi, ivm, wui,
75th, 84lh, 95lh 99lh %ile
PARAM : Parameters, { Gramsizc paranjeters }
F InterpArray; {.Interpolation array 1
HOP • Fourtat; { Ve<Aor for verbal c\a
GRPC . FourReal; . - . -.
XEM FourReal;
XF FourRwl,
(U*"
Fraction wei^t and Cxpiulative percent }
raction size ai^ pejxent }
5^ .IStlH pK^Oth,^ *
e^ r l ssification }
{ Gravel, San^ SiltandClay }
{ Modal sizes }
{ Modal percentages }
{ BOOLEANS :—> }
LatLong, Inlerp, MomMcasures, DataOut,
InterOuT, Change, FromDisk, ToDisk, Constant
Boolean;
{ STRINGS : > }
Heading, Remarks *stringSO,
Dale : stringlO,
FileName : strmgl4;
{ FILES : > J
InF, OutF . Text;
PROCEDURE BeU;
BEGINwrite (Lst, chr(7)), { G : audible bell }
END; {BeU i
PROCEDURE PrNewLine;
BEGIN write (Lst, (chr(lb))), { : lii» feed }
END, { PrNewLme }
PROCEDURE PrNewPage;
BEGIN write (Lst, (chrtli))), { L form feed }
END, { PrNewPage }
PROCEDURE NextLn;
BEGIN
ROW:= ROW + L
GOTQXY (COL, llOW),
END, {Next^ }
'^^ i '^pRpCED
PROCEDURE PrintTitle,
BEGIN
cirscr,
row := 3; col ;»= 20;
goloxy (col,row^
Wnte r**3tetsfctots4d
wnte('* (c) Copynghi 1^5 byNeU CHck **),nextln,
wnte •'* Ilmw.Mitv r»f Tn^mflntsi *'Lnexlln.
wnte
wnte
wnte
wnte ('* By George Embrey June 1988. **),nextL
wnteln 11 iir 1iiii
delay(5(»0),
cirscr,
END,
U vers y of as a ia
Extensively Modified & Adapi^ for ' **),nextln;
;•* MS-IX)S PC-XT,AT &Clo^ Compatibles **),iKXlln,
=*),nextln,
SEDIMENT ANALYSIS l^OGRAM . *"),i»xlln.
"'), c ,
**);nexlln;
[(Fron^Isl^^ ToDisk,^ FilcName^ ^13^ SEP^^5^^
PROCEDURE Source ( VAR FromDisk,
ToDisk . Boolean,
VAR FileName • stnngM );
VAR
Ch : char;
BEGIN
wnteln,
repeat
4nt^(c»n,"input Data at <C>ONSOLE or from <D>1SK ?*),
rcadln (Ch),
case Ch of,
"C, *c* { Accept data from the console }
FiynnDisk = fal^;
*D\ *d* { Accept data from a DISK file }
B^GIN
FromDisk true;
wnte (Con, "Name of Data File is XXXXXXXX.YYY );
readln ^
assign
reset (
readln
END:
end, f case J _
until CK IN l"C","c","D","d"],
wnteln,
repeat
File Update Line )
!?
re^ln (Cm,
Data to DISK •> (Y/N) "),
J Ch of'Y"^^lj^{ Send residts to Disk File }
ToDisk .= TRUE;
wnte (Con, "Name of RESULT FileUXXXXXXXX >YYY");
readln( FileName);
assigp (OulF, FileName );
rewnte (OulF );
END, / ^
ctxl.J case }
until Cn in [ x'j*y*f'N*,'n*],
END, {Source }
PROCEDURE SelectMethod ^ ,
*.Fir3tPhi, LastPhi, Int, Cl^ge, Samples
(Constant LatLong. InterOut,
" • ^ 09SCT 1985*
PROCEDURE SelectMethod
( VAR Constant, LatLong. InterOut, Change • Booleai^
VAR FirstPhi, LastPhi^^t •real;
VAR Samples : mteger );
VAR Constant, { Constant or Changing Size Classes and Range
witmn this batch of data }
LatLong, { accept Latitude, Longitude and Height data }
InterOut, Lprint mterpolated curve data }
Change { accept another batch of data with different
range and phi mterval }
. Boolean;
VAR FirstPm. { size of coarsest fraction }
LaslPhi, { size of finest fraction }
Int { size mterval between fractions }
• refill
VARSamples { Number of samples m this batch }
: mteger ), *)
VAR ^
Ch • char;
BEGIN
299
GoloXY
wnte* (Con,' "Is* thisbatchCONSTANT mSizerange and Interval*' (Y/N)"),Goto)^ (&. 5): readln (Ch),
if ChmPY'"/!
BEGllf { daia
GcIoXyJ "
wnteln (Ci
range and limits are constant for this batch }
ioXY(1,6);,
wnteln ,
wnteln 0
GotoXY( 6d,6 ), read
GotoXY 60 7 ) read
GoloXY ( 60jJ' read
Constant := TRUE;
END
else
BEGIN
wnteln (Con),
wnteln (Con),
wnteln (Con).
Constant = FALSE;
END,
' FirstPhi),
' LaslPhi),
! Inl),
wnteln
wnteln
GotoXV (1,9),
iKof
^1 (COU, , e> o
wnteln (Con, "Prmt data for an mtei^lated cumulative curve '' (Y/N) ),
iCforC "How many^san^les in^this batch* (integer) ?
(Ton, |AcoeplLatitude Longitude andAltitu^/Hei
wnteln (Con, "Accept another batch of data ? (Y/N) "),
(joloXY (60, 9): read (Samples );
" then LatLong : =
l), read (Ch).
' then InterOut . = true else InterOut : =
. icadXCh);
: Data*' (Y/N) "),
Goto>(Y 60! lb
if(A wVy
GotoXY (60. 11
ifChm[TVy:i
GoloXY (60. 12J
.f nu ... riv' »,.•!
' true else LatLong : = false;
false;
if 'Chm [ Y'','y"i iheti (Jhange ' = true else Change:= false;
END, { Klc«Mclhod }
PROCEDURE ReadDate 18 MAY 1988 *
=«)
PROCEDURE ReadDate (VAR Dale StnnglO);
TYPE
REGPACK = RECORD
AXJ)X,CX,DX,BP.SI,D1,DS,ES,FLAGS . INTEGER;
ENb, { of rccoid '
VAR
RECPACK • REGPAL..
MONTH,DAY STRINGI
YEAR : STRINGS];
DX.CX : INTEGro-
BEGIN
WITH RECPACK DO
BEGIN
AX*=$2A SHL 8,
END,
MsDos{RECPACK):
WITH RECPACKbO
BEGIN
STR (CX,YEAR),
SIR (DX MOD 256„DAY
STR (DX SHR 8,MONTH),
end, _
Dale. = MONTH + */" + DAY + "/" + YEAR ,
END, { of prooMiure ReadDate }
^ PROCEDURE ReadDala ( Constant, LatLong, FromDisk,
* ToDisk FirstPhi, LastPhi, hit, ™V N. \^. PHI, TotWt. Date)^ 13 SEP 1985
PROCEDURE ReadDala
( Constant , f controls acceptance of new standards }
LatLong , (.controls acceptance of spatial data }
FroinDisk , { accept DATA from a disk file}
ToDisk { send RESULTS to a disk file }
Boolean;
-*)
VAR FirslPhi, i coarscsl sediment size }
LastPhi,, { finest sedimen\ size V
Int { size fractioning mtervu }
•VAR N { number of fractions }
: inlegen ^ ,
VAR WT { weights m grams }
: Wei^Array.
VAR PHI { sizes in phi units }
; RcalArray; . . , »
VAR TotWt { original sample weight }
•Date { date of processing }
I, K, L, Row, Col : integer;
Ch : char
BEGIN
CLRSCR;
if FromDisk then
BEGIN {get data from a diskfUe }
write ^t, 'SAMPLE',Sam^e.6, , ),
if LatLong then
BEGIN
' [ *,Date, I
writeln (Lst, LoneD 4, ' deg*,LongM 6:3,* mm
LalD3, *deg'.GtM^:6:3,* mln LAT.'.Aluiude
• [',Dale,' JO,
END
else
BEGIN
LONG •
6 2,
readln OnF>- Remarks), _ , ^
GotoXY (lft,D, wnle (Con, Remarks, [ ,Daie, J),
writeln (Lst, Remarks, (',Date,' ] ')»
END,
if not Constant then .
readln (InF, FirslPhi, LaslPhi, Int);
END { diskfile ii^ut : mlroductoiy data }
else
BEGIN { gel introductory data from the console }
CIrScr,
wnteln (Con, 'Sample number : *),
GotoXY(20,1), nU (Sample),
if LatLong then
BEGIN
writeln (Con, 'Latitude degrees *);
writeln (Con, 'Latitude mmutes *).
writeln (Con, 'Longitudedegrees j,
wnteln (Con, Longitude mmutes jJ
wnteln (Con, 'Altitude / Height
GotoXY (2 ; I); iea4
GotoXY (2 , 2); re^ (LOTgN
GotoXY (2 I 3)( read (UtChi
GotoXY (2 I 4 ( read UtM):
GoIoXY (21, 5), read (Altitude),
clrscr;
wnteln;l (Con, 'SAMPLE*,Sanmle:6,LoneD 3. *deg'.LongM 6*3,
iiiinL0NG'jLatD;3, ' deg'TUtM 6:3, mmLAT.',Allitude 6 2,
• r '^Date,' ]\
/ntem (Lst. SAMPLE '.Sample 6.Longp 3,.' dee*.LpngM.6 3,
• nun LOr^G.\UlD 3, * deg ,UtM.63,' min LAT.',Altitude *62,
WEIGHT
writeln fLstJPHISIZE WEIGHT
WEIGHT PERdEOT CUMULATIVE' ,
' L'.Pate,* ] ');
END { Latitudeai^ Longitude data }
BEGIN { remarks }
wnte (Con, * Remarks : '),
readln (Remarks),
CLRS(2R'
wnteln (l!st, 'SAMPLE jC.Sanqjle 6,* '.Remarks,* ( '.Date,' ] *).
wnteln (Con, 'SAMPLE r,Sample o,' .Remarks, [ .Date, ] ),
END,
if not Cons^t then
BEGIN { size data limits am mterval }
GotoXY (1,6);
writeln (Con, 'What is the First Seive Size m Phi umts ^
writeln (Con, 'What is the Last. Seive. Size m ^ uni>^''.J,
wntebi (Com 'What is the Phi Interval (1.0/0 5/0.2j) ? ),
GoloXx ( w,6 ), read ( FirstPhi);
GotoXY 60 7 ) read ( LaslPhi),
GotoXY ( 60^8 )| read(Int),
END:'
GotoXV (1,1),
clrscr;N = ^(LastPlu -FirstPhi) / Int + 1),
PHfll] •= FirstPhi,
for K '= 2 to N do
PHI [k] := PHI[K-1] + Int.
PERCENT CUMULATIVE PHISIZE
PERCENT CUMULATIVE PHISIZE
{ Prepare Screen }
for K .= 1 to L do wnteln (Con, PHI [K] 7.2),
Row := 1,
Col = 40'
for K •= C + 1 to N do
BEGIN
Row •= Row + 1;
GotoXY (39,RowJ,
wnle (Cc '^iiP, PHl[K] 7:2),
wnlelA (Cot),
END,
if FromDisk ihen
BEGIN f (jet weights fron Disk }
for K =1 to N-T do
read (InFOYrjKD.
readln (InF, ^JW);
readln QnF TolWl),
wnte (Con, TOTAL : ',TolWt:84),
END
else
BEGIN {_ Getweightsfrom Console}
{ read seive weights }
forK:= 1 loLdo
BEGIN
Col := 10.
Row •= K + 1;
GotoXY (Col, bow ):
(WllKl),
END:
for iC = L + 1 to N do
BEGIN
Col = 49^
Row := ic - L + 1;
GotoXY (Col, Row ),
iead(Wt[K]),
END,
wnlelnJCon).
write (Con, TOTAL *);
read (TotWt),
END.
if ToDisk then
BEGIN
if LatLong. ihOT
writeln
300
- _l en . . ,, , _
' ln (DutR 'SAMPLE ',Sample:6,LongD:3, ' dee .LongM.6:^
' millLONCj ',UtD.3, *&g',latM-6:3r mmLAT.'.Altftude :6 2,, •l^bale,' ] ')
else
writeln (OutF, 'SAMPLE ^f.Samplc.e,* '.Remarks,* [ *,Date,' ] ');
END, ( ReadData}
PROCEDURE Percentages (WT, TotWt, PCT, CUM, N ), *
10 SEP 1985 *
• WeightAiray,PROCEDURE Percentages (WT
TolWt • real,
VAR PCT : RealArray;
VAR CUM WcighlArray;
N : mteger ),
VAR
L L, Row, Col mteger;
Sum, Error : real,
BEGlfl
L = N div 2, . ,
{ Calculate percentage and cumulative peroentage_weights }
for I .= 1 toNdoPCT m = (100 *WlIJ)7Toim; '
CUM m := PCT [l±
for I = 2 to N do OJM [I] := CUM [I-l]
te
GotoXY ( 8, 1+1), wnte (Con, WTfIT8*4):
GotoXY \i, I+ n, wnte (Cori, P(rrjll-9 4).
GotoXY 27 I+l write Con, CUM^[I] 8 4);
END,
for I •= L + 1 to N do
BEGIN
Row •= I • L + 1;
GotoXY"" " -
GotoXY
GotoXY
END,_
wnleln~(Lst/=^* ,PHI JI] 6:2, WT (11 94, PCT [11.10:4, CUM [11 12 4* >
PHI LL+I] 6 2, WT[L+I).9.4, PCT [L+I] l6:4, CUM [L+I] 12:4);
if L+l+J =.N then
[^].12:4);wnteln (Lst, '^PHIJN] 6.i, WT [N] 94, PCT
PCT [IJ;
^Calculate^rcentage error in wcij
for 1 = 1 to N do Sum = Sum + Wr[I],
GotoXY (18. L+2i, wnte (Con, 'SUM = *,Sum 8 4);
Error = ((^um - TolWl) / TotWt) * 100,
GotoXY (38, L+2y, write (Con. 'ERROR = '.Error 8 4);
wnteln (I^t/'SAMPLE = \ToiWt:8:4,', SUSl = SSum.SM,
• EbROR • "
10.4, CUM
fractions !
END, { bcrocntagcs
: '.Error 8 4),
s PROCEDURE CniooseJumps ( PHI, N, HOP, LaslPhi, Int);
13 SEP 1985
PROCEDURE ChooseJumps ( PHI : RealArray,
N : mteger;
VAR HOP Tourlnt,
LastPhi, Int : real ),
LABEL
Out;
VAR
L J intwer;
Grade .FourReal,
BEGIN { CHiocseJumps }
Grade 111 = -1 99W,
if Laslrhi > 5 then
BEGIN { Gravel / Sand / Silt / Clay }
Grade 2] = 4 0001,
Grade [3 = 8 0001,
if Int = 1 then
Grade [4] =11 0001
else if Int = 0.5 then
Grade [4] = 10.5001
else Grade [4] .= 10.25001,
END
else
I?
BEGIN [ Gravel / Granules / Coarse Sands / Fine Sands }
Grade [i] := 0.0001; '
Grade
if hit
2]
iT.S 20001,then
Grade [4] .= 5 0001
else if Int = 0 5 then
Grade [4] = 4.5001
elseGra^[41 = 4 2501,
END,
J •= 1,
for I = 1 to N do
BEGIN
if J > 4 then
BEGIN
Bell,
wnteln (Lst),
wnte (Lst, Size gradme Failure',1,3),
forJ = 1 to 4 do wnteln (Lst,* ' , hop [J]*4);^^(^o Out,
if PHI til < Grade[J] ihsn
HOPTJ]:=I
else
J •= J + 1,
END,
if PHI [1^ < Grade [4] then HOP [4] := N;
END, { (2nooseJumps }
PROCEDURE FormClasses ( LastPhi, PCT, Hop, GRPC );
in.SRPlORS *
PROCEDURE FormClasses ( LastPhi . real;
P(T . RealArray;
HOP • Fourint,
VAR GRPC • FourReal ),
TYPE
Strings = stnng[81,
VM,
I : mteger;
Classl, Class2, Class3, Class4 • slnngS,
BEGIN
if L^tPhi <=50 then
BEGIN
Classl = 'Gravels *
Ciass3 = 'MedSand
END
else
BEGIN
Classl = 'Gravels '
Class2 = 'Granules';
Class4 = 'FineSand*,
Class2 : = 'Sands
Class3 .= 'Sills
END,
Class4 = Clays
for I := 1 lo 4 do GRPC m = 0 00000001
for I := 1 lo H0P[1] do GRPC
for I •= HOP (11 + 1 lo Hop [2\ .
wnicin (Lsl Ij
lAMl ,
II ORkC
ia GRPC [2
1] + PCT {.n,
•= GRPC li
= GRr~ '
= GRl
RPCji]
GRPC 3
GRPC M
' Class
L'S •'Ciass4,GkPC[4fg'4'is, c;iMs3,GkPlg3J.R-4^!i .•j,Cia _s4,Gk [4
SkPCI
END, { FormClasscs }
' PROCEDURE Tclrahedral ( LasiPhi, GRPC),
05SEP 1985
PROCEDURE Tclrahedral ( LasiPhi real,
GRPC . FourRcal ),
LABEL
E>5cision, Tl. T2, T3, T4, T5, T6, T7,
VAR
I : integer;
Empci . real,. i^ger, {decision variable }
Sir : slnngSO;
BEGIN
wnie r
wnie (
ifGRP,,., - . . - - .
Empci •= GRPC(3I+ Gitk: 4 ,
if O'KpC II] > = 800 ihen
BEGIN
C := 1;
gplo E)ecision
(N
s (Lst, TEXTURE CLASSIFICATION ( T^A ) '),
5 Con, TEXTURE CLASSIFICATION ( TCTRA ) . \
rcnl < = 01 then T4,
ifGRl'C II) < 300 ihsn goloTl,
if Empci > GRPC 12] ihsn
BEGIN
C = 4,^^o^o Decision
ifGRI^ 12) / Empci
C .= 3
else C := 2;
^,oto Decision,
Tf
: 9 0 ihcn
if GRPC [1] < 5 0 then golo T2,
if Empci > = ( ^
j U i c I
. : GRPC (2]th:n
begin
C = 7,
golo De^ion
E®
if CRI^ 12] / Empci <=90 ihen
C = 6
else C =5,_ |^oio Decision,
if Empci > = GRPC (2] Ihen goio T3,
if GRrc 12] / Empci < = 9.0
IhenC = 9 ^
else C : = 8,
golo Decision,
t5 •
if Empci / GRPC 12] < = 9 0 O^n
C •= 10
else C •= 11,
|^oio Decision,
ifGRPC 12) >="900 Ihsn
BEGIN
C = 12,.^^oW Decision
ifGRft (4] / GRPC 13] 5
if GRPC 3 /GRPC141 <
if GRPC 2 >= 50(J dhji
BEGIN
C .= 15.
Decision
ifG[^^2] >= lOlhsn
else'C = 21,
golo Decision,
2 0 ihen golo T5,
=20 then golo T6,
t|«c
if GRPC 12] >= 50 0 Ihsn
BEGIN
C = 13.
Decision,
if^R^12] >=10 Ihen
elsc'C = 19,|olo E)ecisioii,
if GRPC 12] = CO 0 Ihen golo T3.
if GRPC 2 < 500 Ihengolo Ti,
C = 14. ^.^^olo Decision,
ifGr^ j2] >= 10 0then
else C =20,
goto Decision,
O^sion
if LasiPhi <= 5 0 ihtn C = C + 21,
case C of^
{ Folk's descnpuve terms for size -4 lo +10 phi sedimcnis I
1 Sir: ='GRAVEL*
2 Sir : ='SANDY GIIAVEL'.
3 Sir : = 'MUDDY SANDY Gravel*.
4 Sir •= 'MUDDY GRAVEL'^
5 Sir : =*GRAVELLY SAND^,
6 Sir •= *GRAVELLY MUDDV SAND',
7 Sir • ='GRAVELLY MUD'
« • Sir : = 'SL1GHTLY GRAVELLY SAND'.
Sir •= 'SLIGHTLYGRAVELLY MUDDV SAND',
Sir •='SLIGHTLY GRAVELY SANDY MUD',
9
10 - -
11 Sir •= 'SLIGHTLY GRAVELLY MUD',
12 • Sir : = 'SAND':
13 Sir •='CLAYfiY SAND'
14 Sir ='MUDDY SAND'
15. Sir
16 Sir
17 : Sir
18 • Sir
=;SILTYSAND',
=*SANDY CLAV',
= 'SANDY MUD',
='SANDY SILT',
= 'CLAY';
= 'MUD',
'SILT',
19 : Sir
20 • Sir .
21 : Sir .
? Chick's descn
22 : Slr • = 'GRAV
23 .Sir-='GRAV
24:Slr-=*GRAV
25 . Sir :='GRAVL_
26.Slr:='GRANUL
27 • Sir ♦='GRANU
28 . Sir :
29 . Sir .
Hive terms for beach sediments }
- With granules ,
WITH granules AND SANDS ,
WITH SANDS':
ESWITHCRAVEL',
ES WITHGRAVELXNDSANDS',
'SANDS WITH GRAVEL*.
'GRANULES WITHSOMfe GRAVEL',
PCT I
• PCT 1
PCT I
30
31
32
33
34
35
36
37
38
39
40
41
42
='GRANULES WITH SOME GRAVEL AND SANDS',
•= 'SANDS WITH some GRAVEL AND GRANULES',
='SANDS WITH SOME GRAVEL';
RANULES',
RANULES Wrr
RANULES wrr
" NULI
='G
= *G
Sir . = 'G
Sir ='G
et^, ( case}
wnleui — ': tn (Con, Sir),
wnleln (Lsl, Sir), .
END, { "TelrahMral ]
^ FINE SAND';
, raKOles wiri] ^EDiuiU sand',
Sir ='FINE SAND WITH GRANULES',
Sir ='SANDS WITH GRANULES',
Sir ='MED1UM SANDWITH GRANULES',
Sir ='MED1UM AND FINE SAND',
Sir =*MEDIUM AND FINE SAND',
Sir ='MEDIUM SAND';
^ PROCEDURE Triangular ( LaslPhi, GRPC ),
05 SEP 1^5
nangular
GRPC FourReal ),
{ A decision nelwork for lexlural classificalicn, based on
of Shcpand, F P, (1954), Jour Sed Pelrol., 24 151-158l^on^imPy implemenied by Lloyd Breslau }
T8, T9, TIO, Breslau,
VAli
S : integer;
Ch char,
.SanSil, ClySnd, SilCly * real;
Sir • string^,
BEGIN
if GRPC (2) >= 75 0 Own
BEGIN
S •= 1;^^0^0 Breslau
ifGRI^CP) >= 750 ll»n
BEGIN
S = 2,^^0^0 Breslau
ifGRI^C[4] >= 75 0 ih:n
BEGIN
S = 3,
Breslau
SanSil'= GRPC [2] / GRPC
ClySnd = GRPC 14] / GRK
Sifcly •= GRPC PJ / GRPC
if GRPC(2) < = ^ 0 then goio 18,
if GRPC 4 <= 20 0 Ihsn goto T9,
if GRPC 131 <= 200 IhcngoloTli)
else
BEGIN
S = 10,
goto Breslau
END,
T8
if SanSil > 1 0 then
BEGIN
S = 4,^^o^ Breslau
if SilCfy < 10 ihsn
BEGIN
S = 5,^^o^o Breslau
if ClyS^nd > 1.0 ihcn
S • = 6
else S =7.
goio Breslau,
if San.Sil < 1 0 then
BEGIN
S = 7,
^^0^0 Breslau
if^SilCl^ >10then
else S .= 9,
^.oio Breslau,
Tf§'
if ClySnd <=10 ihcn
S . = 9
else S = 4,
Breslau
if LasiPhi <=50 ihen S
case S of
1 Sir = 'SAND',
Sir = 'SILT,
Sir = 'CLaV-,
Sir = 'SANDVCLAY'.
Sir = '.SILTY CLAY_.
Sir = 'CLAYEY SILt',
Sir = '.SANDY SILT'.
Sir = 'SILTY SAND'
Sir = 'CLAYEY SAI^D'..
Sir = 'SAND-SILT-CLaV'.
{ Chick's modification of Shcppard's terms^^lo sujl of beach sediments }
Sir != 'COARSESaND .
Sir = 'FINE SAND',_
Sir = 'GRAVELLYViNER SAND',
Sir = 'FINE with COARSE SAND'
Sir = 'COARSE wiih FINE SAND !
11
St.
S + 10,
14
15
16
17
18
19
y)
end,
.Sir := 'GRAVE
Sir = 'GRAVE
.Sir •= 'GRAVE
Sir = 'GRAVE
I case }
v.nteln (Con, ' ' 18/(TRIANGULAR )
\vnteln (Lsl, • ' 18'(TRIANGULAR )
END, {Tnangular }
,LYCOARSER SaND'^
wiih COARSE SAND*;
wiih FINE SAND',
AND SANDS ,
.Sir),
.Sir),
^ CONTINUOUS PARABOLIC INTERPOLATION PROCEDURE
20AUG1985
)
PROCEDURE CPI ( H RcalArray,
VAR Q RealArray,
n inieger,
dclh real,
VAR r . InlcrpArray,
m real,
delhc real ),
Dfoosdure for conlmuous parabolic mlerpolation }
_ABEL
Back, Out, II, 12, 13,
VAR
j, jp, 1. II, imax integer,
ilesl. delq, y, z, xk, x, a, fc, slpe, anti real.
{ pro
Lab
begin
Qin 0 0,
301
P [n+2] .
for 1 • = 2
Back •
BEGIN
= 0 0,
to n do
^•-•3 +Q[i+2l:
':= alui/delhc;
y = 3 0 '
z = I
itest
Ilesl for integer overflow }
u itest > maxint tlien
BEGIN
BeU;
GotoXY (1,231;
write(Cc^ 'lOTEGER OVERFLOW);
unax := maxint;
END
else unax *= round (itest + 0 5),
for i =1 to imax do
BEGIN
xf (]-2 = 0) then goto II else
if fi-n = 0) then goto II else goto D,
I: ifVfc > = 0) thengoto13else
z := Hh] + delhc;
,f^2 = 0) then
tolN
Qh] =0 01;
wnteln (Lst, Exponential interpolation of coarse tail*);
E&D°
el^ if (i-n = 0) then
BEGIN
Qtl+l] '=0 01;Ewnteln (Lst, 'Ejqxmential interpolation of fu^ tail*).
' (QU + ll-20 *Q1j) +a)*xk);
• 1 :=Vr'""' •sipe Q1j1/Q[j+ 1])/delh,
for II . = 2 to unax do
BEGIN
jp •= round «z.H[^/^lhc+2);
anti = slpe * (z - Hli]),
FUP] = qbl/cxp(anl'i!},
z = z + delhc;
END;
if (j-n = 0) then
goto Out
else
BEGIN
J •=L+ hE^oU>tack;
13: FM .= fc.
z := z + delhc,
END,
END,
Out;
EN®! fp'rlidiSs CPI }
i PROCEDURE Centiles (F, Empi, Dphi, PHIVAL,ToDisk); *
* 13 SEP 1983 f' I- • » •
PROCEDURE Cenliles ( F • InlerpArray,
Empi, pphi • real;
VAR PmVAL : Sizes;
ToDisk ' Boolean );
LABEL
tyPe°^
Peroentile = array [1..91 of integer,
VAR / I J
LJjXi mteger,
Cl, Sum : real,
Centile : Peroentile;
BEGIN
Centile [11 .= 1*Cenlile [21_;= 5. Gentile [3] •= 16, Centile [4] ;= 25.
Centile 5 = 56, Centile [6] := "75; Centile[7] := 84, Centile[8] .= 95,
Centile [91 .= 99)
for J • = 1 to 9 do
BEGIN
Sum := 0.0;
I := 0,
Agam .
I =1 + 1.
Sum •= Ftll + Sum,
if (Sum - entile [J]) > = 0 then
BEGIN
Xi =1-1:
Ct = Empi + Xi * Dphi,
Ct •= Ct - (Sum - Centile [J]) * Dphi/F[I] +05* Dphi,
PHIVAL [J ;= Ct-Dphi,
END
else goto Agam,
END;
write (Lst,'
write (Con,* );
for J = 1 to 9 do
BEGIN
write (Lst, PHIVALTJl 8:4),
wnte (Con, PHIVAL[3] 8-45,
END:
wnteln (Lst),
BEGIN
for J ;= 1 to 8 do
wnte (OutF. PHIVALJJ1*8 4),
wnteln (0011^, PHIVAE [9]X'f),
END.
END; Centile }
PROCEDURE FolkAndWaid ( PHIVAL, PARAM, ToDisk), '
II SEP 1985 . *
PROCEDURE FolkAndWard ( PHIVAL Sizes;
VAR PARAM . I^rameters,
ToDisk : Boolean ),
LABEL
Til, T12,
VAR
L P, X, Y, Z : mteger,
Snap, Es, ESk, XI ; real,
Str . strmgSO;
BEGIN
PARAM
PARAM
PARAM
PARAM
PARAM [1 :
if PHIVAL [8] < 99 9999 tlisn
is Folk and Ward's Mean }
ISFolk and Ward's Sortmg }
ISFolk and Ward's Sbewncss }
i« Folk and Ward's Kurtosis }
0 333333^*(PHIVAL[3] + PHIVAL[5] + PHIVAL[7]),
BEGIN
- PHIVALr^
PHIVALI2T
PARAM 2 '=0.25 * (PHIVALm
+ 0.l5lil5 *(PHIVALl8i-
Snap •= 0.5 * ((PHIVAU21 + PHIVAL[8] - 2
/ fPHIVAUS] - PHTVAL12J));
PARAM [31 •= 05=^ ((PHIVALpI + PHIVAL[7]
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'HIVAL[5])
PHIVAL[5])
/ (PHIVALLTl - PHIVAL73)J + Snap-
PARAM [41 := 0 40^ * ((PHIVALTS] - PHIVAL[2])
/ (PHIVAL[6] - PHIVAL[4])1;
END
else
BEGIN
PARAM [2] ;= 99.9999,
PARAM [3 := 99.9999
PARAM [4 := 99.9999
END,
wnteln (Lsl,'F0LK&WARD',PARAM[l].9 4,' * 9,PARAM[2].9.4,
PARAM[^9-4 ' ••9.PARA^[4]-9:4);
wnteln(Con\ •f6LKAWARD';pARA4i[11 9-4,' ' 9,PARAM[2].9 4,
PARAM[3j.9.4,' • 9,PARAMt4].9 4),
if ToDtsk then
BEGIN
for I •= 1 to 3 do wnte (OutF, PARAM [I]:8'4 );
wnteln ( OutF, PARAM [4] 8 4);
END,
Es = PARAM [21,
Esk = PARAM T3T+ 1,
XI .= PARAM [41,
wnte (Lst, 'FOLK & WARD VERBAL .'),
wnte Com 'FOLK & WARD VERBAL .
if Es < o!65 thsnX ;= 1,
if (& > = 0 35) and (Es < 0 71) then X := 2,
if(Ea>= 0.71) and < 1 0) then X = 3,
if (Es >=10) and (fe <20) thenX •= 4,
if fe > = 2.0 and (Es < 4 0) thenX =5,
If Es >=40 then x = 6,
if Esk > I 30 then Y := 1,
if (Esk > 1 10) and (Esk = 1 30) then Y •= 2;
if Esk > 0 90 and fek < = 1 10) then Y = 3;
if (Esk > 0 70) and (Esk < = 0 90) theny = 4,
if CEsk < = 0.70) then Y = 5,
'\l > 3 00) lhenZ-= 6,
<1 <= 3 00) and (XI :> 1 50) then Z := 5,
<1 < = 1 50 and «1 > 1.11) then Z:« 4,
<1 < = 1 11) and (XI > 0 90 then Z = 3;
<1 < = 0 90) and (X1 > 0 67) thenZ = 2,
'1 < = 0 67 then "Z = 1,
case X of
1 . Str ;= 'VERY WELL SORTED'
2 • Str = 'MODERATELY SORTEb';
3 Sir:= 'MODERATELY POORLY SORTED',
4 Str .= 'POORLY SORTED'.
5 Str •= 'VERY POORLY SORTED':
6 Str:=,'EXTREMELY POORLY s6RTED';
end, { case }
wnte (Con, Str),
write (Lst, Str),
"T Str°-= STRONGLY FINE SKEWED',
2 . Str := ' FINE SKEWED',
3 ; Str .= ' NEARLY SYMMETRICAL',
4 ; Str •=' COARSE SKEWED'.
5 ; Str •= •; STRONGLYCOAR^ SKEWED',
end, { case }
write (Con, Str),
write (Lst, Str),
case z of
1 Str := ', VERY PLATYKURTIC,
2 . Str := ' PLATYKURTIC,
3 • Str ;= ' MESOKURTIC,
4 Str := ' LEPTOKURTIC':
5 Str = ' VERYLEPTOKCtRTIC,
6 Str .= •; EXTREMELYLEPTOKllRTIC;
end, j case}
wnlem (Con, Str);
writebijLst, Str),
END, { Folk and Ward's Parameters }
PROCEDURE Inman ( PHIVAL, PARAM )
11 SEP 1985 *
PROCEDURE Inman ( PHIVAL Sizes,
VAR PARAM Parameters ),
VAR
mteger
BEG N
^ARAN/
'ARAV
»ARAV
'ARAV
ISInman's Mean }
IS Inman's Sortmg }
13 Inman'sSkewness I }
IS Inman's Skewness. 2 )
'ARAV 13Imnan's Kurtosis }
= 0.5* (PHIVAL 3' + PHIVALJ
- PHIVAL[3
klVAL[3] - 2
3]).
^ rZ]),ARAM
PARAM
PARAM
,(PlUyAL[7
...iO\L
then
7 = (PHIVALI7L 4
'(^HIVALJ71 - PHW,
L [8] < W 9999 n
PHIVAL[51)
if PHIVA '
BEGIN
PARAM [81 = (PHIVALr8L+ PHIVAL[2] - 2 * PHIVAL[5])
/ (PHIVALm - PHWALrSl),PARAM |%hTv^AL7 ^^iffivAl^ "PHIVAL[7])
END (PHrVAL[7] - AL[3]),
else
BEGIN
PARAM [81 = 99 9999,
PARAM 9 = 99 9999
END,
wnteln (Lst,'INMAN ',PARAM[5] 9 4,* '
PARAM['^ 9 4, PARAI^[8] 9 4, PARi^['wnteln. (Cor; .'INMAN .,:,TARAM^5:^9^4,;'
9,PARAM[6] 9 4,
'1|p];RAM[6].9:4,
PARAl
END;
9 4, PARAMl8]94, PARANJI[9]'.^ 4),
i?*PROCEDURE^MpO^^ ( F, Ip, Empi, Dplu, PARAM ),
PROCEDURE Moments ( F : InterpArray,
Ip : mteger,
Empi . real,
Dpni . real,
VAR PARAM Parameters ),
VAR
Xi, I mlegen
Sum, Suml, Sum2, Suni3, Sum4, Cl,
Mean. Sigrna, Skev^ Kurt,
Enl, EiuTEnB, En4,
Zmz, ZnG, Zm4, Dphi2,
ZZ2, ZZ4 real,
BEGIN
Sum =0 0,
Suml =0 0,
Suxn2 =0 0,
Sum3 .= 0 0,
Sum4 *=00,
for I: = 1 10 Ip do
BEGIN
Ct := Empi + Xi
Sum •= Sum + F[n
Sum] := Suml + F
Dphi;
Suin2 = Suin2 + F
Slim3 = Sum3 + F
Sum4 •= Sum4 + F
^1^;= Suml / Sum;
En2 := SutT^ / Sun^
: = Sum3 / Sum;
En4^;= Sum4 / Sum: „
Zm2 := Eii2- ml * Enl,
Zm3 .= En3 - 3 0 * En2 * Enl + 2.0 * Enl * Enl * Enl;
Zm4 .= En4 + Enl * (-4 0 * En3 + 6 0 * Enl * En2
- 3.0 * Enl * Enl * Enl);
>phi2: = Dphi * Dpiu;
<v*r«v.
»= Zin2 + 0.02916667 * Dphi2
* Cl;
* Cl * Ct,
* Ct * Ct * Cl,
* Ct * Cl * Cl * Cl,
Sh^pard*3 ^tandar^ft"
ZZ4__ . . 25n4- 0 5 * E)i3hi2
ZZ2 := 2m2 - Dphi2 / 12,,
r Output of Interrnediatevalues ^ ^
wrilefii (Lst'PARTIALS ',EnI.^ 4, En2.94, Zm29 4, En3.9 4,
Zni3.9.4, &n4-9;4, ZZ4 9 4): „ _
wnteln (Con.*PARTlALS *.Enl:9.4, En29'4, ^n2.9*4, En39 4,
Zm3:9:4. Zm49 4, ZZ4.9:4);
Mean := Enl - ppk.
Sigma := Sort ( ^Z2 );
S&w = 0 5 * Zm3 / (Skma * ZZ2 ),
Kurt := ZZ4 / ZZ2 * ZS - 3.0,
wnteln (Lst,'MOMENTS ',Mcan9.4, ZZ2.9.4, Sigma 9 4, Sltew.9 4,
• •9, Kurt'9 4;.
wnteln
" 9, -
parXm
PARAM
PARAM
PARAM
PARAM
PARAM
PARAM
PARAM
PARAM
PARAM
PARAM
END,
...JMENTS •,Mean9.4, ZZ2:9.4, Sigma 9.4,4). ' ^
.= Enl;
= En2
•= En3,
•= En4
= Zin2;
:= Zm3
= Zm4;
= Mean;
.= Sigma;
:= Skew;
:= Kurt;
PROCEDURE Modes ( F
Ip : mtegerj
Empi, Dphi real,
VARkEM, "" •
LABEL ^
Nomode, Out;
VAR
Dell. Del2 : real;
L J, Xi : mleger;
BfiGlN
wnte (Lst, 'MODES
wnteiCon, 'MODES
Dei! •= 0 1,
for I: = 2 to Ip do
BEGIN _
innsE ^iSl" )''i'i'b0 then eolo Nomode
else if Del2 >=00 then goto Nomode
else if ( F[I-1] - 5 * Dphi) < = 0.0 ihen goto Nomode
else Xi = I -2,
J = J + 1,
if J > 3 then
BEGIN
wnte (Con, 'MORE THAN THREE MODES ''),
wnteln (Lst);
END,
XEMfj] = Empi + Xi* Dphi,
XF[Jl-= Ffl-IL
write TCon, XEMm 8:4, !
wnte ^tVXEM [j] 8-4, X
I := 1+ i;
Nomode :
Dell := Del2,
END,
Out . ,
END, { Modes}
InterpArray;
XF '^t^ourReal),
. XF m 8 4/%, •)
, F [J] 8.4, %• ),
PROCEDURE Entropy ( PCT : RealArray;
N : mteger ),
VAR
H, Hm • reah
P'lreal: { I^CT [1] J
E : real;
I • integer;
BEGIN
Hm := -100 /ln(N);
H •= 0.0;
for I •= I to N do
BEGIN
p = PCT m,
if P < = 0 l&n
H := H + 0
else H := H + (0.01 * P * ln(0.01 * P)),
END;
E:= Hm*H,
writeln (Lst, ' ENTROPY = '.E:9.4),
wnteln jCon, •. ENTROPY = ',E M),
END, {tolropy}
Skew 9 4,
BEGIN ^^Mam Program }
( The size of the arrav Ffl... IdI is constructed as follows
Ip = (PHI[N] - PHI[1J) / Dphi + 2, where PHI(N] and PH1(1]
are the last ar^ first elentents m the array of particle
sizes, and Dphi is ti» interpolaliqn mlerval of 0 10 Ip = 147
m the casewhere the size range is from -4 to +10 5 pni^ with
an mterpolalion interval of 0.1 If the 0 25phi seive senes
ISused then Dphi will be 0 05, and^thcupper bound, Ip,
must be changed from 147 to ^7. }
C rScr,
PnnlTitle,
ReadDate (Date);
Counl •= 0,
;lraBatch
Etelermine InputStrategy )
E|l
Source ( FromDisk, ToDisk, Filename );
msthcd J
SelectMethda ( Constant, LalLong, InterOut, Change,
FirslPhi, LaslPhi, Inl, Samples J,
{ Gel Data for one san^Ie }
NextSample •
ClrScr,
Count = Count + 1;
ReadData (Constant, LalLone. FromDisk. ToDisk,
FirstPhi, LastPhi, Int, N, PHl,^lWt, D^ );
{ Calculate wei^tpercentages )
^Percentages (^^^TolWtf PCT,CUM, N ),
{ Do textural classification }
'ChooseJumps (,PHL N, HOP, LastPhi, Int);
PoimClassM PCT, HOP, OfePC 1;
Tetrahedral ( LaslPlu, GRPC!);
Tnangular ( LastPhi, GRPC ),
Lierpolation }{ preparefpr parabolicml
{Interpolation interval }
if Inl = 6.25 then Dphi := 0 05
else Dphi := 0.1,
for I = 1 to N cfo
BEGIN
J •= N -1,
PCTIJ+2J =pcrrj+i];
PHI [3+27 = PHI [J+1];
END,
Dphi + 2,
mpi = PHI [1] - 0 5 * Int.
.= (PHI [NL-PHIJl]) /b t
. := round CP + 0 5),
,.jt I := 1 tolpdo Fm '= 00,
{ Use continuous parabolic interpolalon }
CPI (PHI, PCTTn,Int, F, Ip,^hi),pp,:=M/Inl:'
for I •= 1 to Ip do
BEGIN
if F[I] > = 0 0 then F[I] := F[I] * Dpi
else Fill := 0 0,
END,
{ Produce Peroentiles usmg Parabolic mtenxilation }
wnteln (Lst,'CENTILE? 1 5 KT 25 50',
75 84 95 99');
wnteln (Con, 'CENTILES 1 5 16 25 50',
75 84 95 99'),
Centiles ( F, Empi, Djihi, PHIVAL,ToDisk ),
t Headings }
wnteln7LsV".9,' MEAN VARIANCE SORTING SKEWNESS SKEW-2-
' KURTOSIS KURT-2- '),
wnteln (Con,' *:9,' MEAN
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VARIANCE SORTING SKEWNESS SKEW-2-
' KURTOSIS KURT-2- ').
FolkAndWaid ( PHIVAL, (>ARAM, ToDwk );
Inman ( PHIVAL, PARAU),
Moments ( F, In, Empn Cfem, PARAM );
Modes ( F, Ip,^pi, l3phi, jiEM, XF );
Entropy ircf N),
for 1 =1 to fS ao write (Lst, '#*),
wnte (Lst, chr (13)),
for I = 1 to 75 do write (Lst, '*'),
Samples = Samples - 1,
if LastPhi < = 5 0 ihen
BEGIN
if (Counl == 2) then
BEGIN
Count •— 0,
PrNewPage,
END
else for I . = 1 to 2 do wnteln (Lst),
END
else PrNewPage,
if Samples < > 0 then goto NextSample,
if Change then goto ExtraBatch,
if ToDisk then close ( OuiF ),
END
